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carrier protein will generally have a. . . -^^ me 

Hybridoma cells ' then may be prepared by fusing 
lymphoid organ cells from an iimnunized animal with a tumor 
cell. Appropriately secreting hybridoma cells may 
thereafter be selected (Kohler & Milstein, 1976)! 

CLMEN 17 The carrier protein conjugate of claim 14 wherein 
tne ligand is a hapten. 



WORLD INTmXECTUAL PROPERTy ORGANEAHQN 
International Bureau 




PCX 

INTCRNA-nONAL APPUCATON PUBUSHED UNDER THE PATENT COOPERATION TREATV (PCD 



(51) IntmatkMttI PttteU Clas^catkm ^ ; 



C12N 15/82, 1S«S3, COTK 14A)1, C12N 
1/21, COTK 9m0, A61K 39/12, COTK 
^'"^GOIN""--^ 



33/566, C12Q 1/25 



Al 



(11) Intenuitioiu] PubUcatkm Number: 
(43) Intemtioiul Publkatfon Date: 



WO 96A15249 | 

23 May 1996 (23^.96) , 



(21) IntematfcHwl Applicatkm Number: PCr/US95/14518 

(22) Internatioiial Filing Date: 13 November 1995 (13.1 1.95) 



(30) Priority Data: 

08/338,382 



10 November 1994 (10.1 1.94) US 



I (71) Applicant- PROMEGA CORPORATION [USO/SJ 2800 
Woods Hollow Road, Madison, WI 53711-5399 (US). 

I (72) Inventors: KNUIH, Mark, W.; 7154 Hickory Run. Wauna- 
' toec, WI 53597 (US). HAAK-FRENDSCHO, Maiy 2800 

Roscllen Avenue, Madison, WI 53711 (US). SHULTZ, 
J^. W.; 407 Melody Lane, Verona, WI 53593 (US). LES- 

rT^' ^ ^»'J^i WI 53575 

(US). VILLARS. Catherine, E; 6202 Rivcici«;t Drive. Mc- 
Farland, WI 53558 (US). 

(74) Ag^t: SARA, Charics. S.; Dewitt. Ross A Stevens, S.C, 8000 
Excelsior Drive, Madison. WI 53717-1914 (US). 



(81) Dedgnated States: AL. AM. AT, AU, BB, BG, BR BY CA 
CH. CN, CZ. DE. DK, EE, ES. FI, GB, GE. HU. IS. jp' 
KE^ KG^ KP. KR. KZ, LK. LR, LS. LT. tu, LV. 
MG. MK. MN. MW, MX. NO, NZ, PL. PT, RO, RU SD 
SE. SG, SI. SK, TJ, TM, TT. UA. UG, UZ. VN. EunJpcan' 
patent (AT. BE. CH, DE. DK. ES, FR, GB. GR, IE. ITLU 
MC. NL. PT. SE). OAPI patent (BF. BJ, CF, CG Q 'cm' 
GA. GN, ML, MR, NE, SN, TD. TG), ARIPO patent f KE 
LS, MW, SD. SZ. UG). 



Published 

With imemasional search report. 

Before the expiration of the time limit for amending the \ 
claims and to be republished in the event of the receipt of 
amendments. ' 



I (57) Abstract 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


AttfUia 


AU 


Austnla 


BB 


Bartwdn 


BE 


Be^otn 


BF 


BufkinB Faso 


EG 


Bulgim 


B/ 


Benin 


8R 


Bnzfl 


BY 


BelvtB 


CA 


Ctnidm 


CF 


Centis] Africm RqwbKc 


CG 


Congo 


CH 


Swftzerlmd 


a 


COee d'lvoiie 


CM 


CflmciooR 


CN 


Chini 


CS 


Czechoslovakii 


CZ 


Czech Rqwblic 


DE 


Gennany 


DK 


Dennuudk 


ES 


Spain 


n 


FinUnd 


FR 


Frtncr 


GA 


Gabon 



GB 


United Kingdom 


GE 


Georgia 


GN 


Guinea 


GR 


Greece 


KU 


Hungary 


IE 


iretMd 


IT 


Italy 


JP 


Japan 


fCE 




KG 


Kyigystan 


KP 


Democntic Peopfe't Republic 




of Korci 


KR 


Republic of Koiea 


KZ 


Kazakfaitan 


U 


Liecfatemteitt 


LK 


Sri Lanka 


LU 


Luxembourg 


LV 


Latvia 


MC 


Monaco 


MD 


Republic of Moldova 


MG 


Madagascar 


ML 


Mali 


MN 


Mongolia 



MR 


Mauritania 


MW 


Malawi 


NE 


Niger 


NL 


Netheriands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Ronimia 


RU 


Russian Fedention 


SD 


Sudan 


SE 


Sweden 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senega) 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TT 


Trinidad and Tobago 


UA 


Uknine 


US 


United Slates of America 


uz 


UcbeUttan 


VN 


Viet Nam 



wo 9605249 



PCT/US9Sa4518 



HXOH LEVEL EXPRESSION AMD FACILE PURIFICATION OF 
PROTEINS, P^lPTIDES AND CONJUGATES FOR HQCONIZATION, 
PURIFICATION AND DETECTION APPLICATIONS 

Generally, the present invention is directed to the 
field of recombinant DNA technology • More particularly the 
present invention is directed to a process for producing 
and purifying peptides for multiple uses and producing 
5 antigens for antibody production. The present invention 
also is directed to the high level expression of small to 
medium sized ligands utilizing recombinant DNA technology. 
Specifically, the present invention is directed to an 
antigen production system utilizing fusion proteins. The 
10 present invention also is directed to an efficient method 
for presenting an antigen to an animal or human immune 
system - 

CITED REFERENCES 
15 A full bibliographic citation of the references cited 

in this application can be found in the section preceding 
the claims. 



DESCRIPTION OF THE PRIOR ART 
20 The present invention generally relates to markets 

where the detection or purification of molecules is 
involved. Representative markets include in vitro and in 
vivo diagnostics, research products, clinical products, 
clinical research products, pharmaceuticals and many 
25 industrial markets. These markets necessarily require a 
tight binding and specific affinity ligand that recognizes 
the biomolecule of interest. Given the importance of 
affinity recognition for proteins in a wide variety of 
markets, new methods for generating "iramunoaf f inity" or 
30 "macromolecular recognition" ligands using DNA technology 
are sought. 

The production of proteins and peptides by recombinant 
DNA technology is now relatively common. Recombinant 
expression of peptides often is accomplished by inserting 
35 a DNA sequence encoding the desired peptide into an 
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e3q)ression vector. The expression vector generally 
contains regulatory sequences which are recognized by the 
host cell, and which provide for transcription and 
translation of the inserted DNA to produce the peptide. 
The expression vector is inserted into a suitable whole 
cell, typically a procaryotic organism, in culture. The 
expression vector also usually includes a selectable 
marker, so that one may identify those cells which have 
been transformed successfully and carry the vector, and 
separate them from those which do not carry the vector. 

Peptides may be expressed either directly or in the 
form of a fusion protein. Direct expression involves the 
production of the desired protein or peptide without 
modification. However, this form of expression often 
15 results in low yields and degradation of the product, 
particularly with small peptides. 

One method commonly employed to increase the yield of 
the desired peptide is to express it as part of a fusion 
protein. in this approach, a leader protein, hereafter 
20 referred to as a carrier segment, is selected which is 
expressed easily in the host of choice. Often this protein 
is native to the host, as in the case of B-galactosidase. 
An expression vector encoding the carrier segment then is 
modified using standard molecular cloning techniques to 
25 express the desired peptide linked to the carrier segment. 
Most often, the peptide is linked to the carboxy terminus 
of the carrier segment but, in principle, it could be 
linked anywhere through a normal peptide linkage. 

The expression of the peptide as a fusion protein with 
30 ^ the carrier segment may imbue it with new, favorable 
properties. For instance, the fusion protein can be 
injected into a host animal to create antibodies to the 
peptide or to produce a vaccine. The technology of using 
fusion proteins as antigens is well-known to the art 
35 (Current Protocols, 1994, Chapter 16). Other favorable 
properties of the fusion protein may include ease of 
purification, the ability to be immobilized on surfaces. 
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and the creation of bifunctional molecules (Santo, C. et 
al. 1992) . 

Although peptides with desired additional properties 
are commonly produced by the use of fusion proteins, it is 
5 also common to produce a peptide separately through 
chemical synthesis. The peptide then can be covalently 
coupled to purified carrier segments using chemical 
crosslinking agents. The resultant carrier protein 
conjugate can be used in many of the same applications as 
10 the fusion protein described above. 

For exanple, peptides are sometimes covalently coupled 
to keyhole lin^jet hemocyanin for immunizations or to 
alkaline phosphatase for use as a detection reagent. In 
the case of the fusion protein, the only molecules which 
15 can be linked to the carrier segment are peptides, and the 
linkage must be through the normal polypeptide backbone. 

When the second molecule is coupled chemically to the 
carrier segment after expression, the nature of both the 
second molecules, called ligands, and of the chemical 
20 linkages to the carrier segment is much broader. Any 
ligand and crosslinker which is chemically allowed can be 
contemplated . 

In some cases, covalent association of the ligand 
(peptide, hapten, or other) with the carrier segment is not 
25 required to be effective. The two molecules associate with 
each other by any number of means. In this case, the 
mixture of the two is called a carrier protein complex. 

The following paragraphs illustrate some uses of prior 
art fusion proteins. For example, U.S. Patent 4,743,679 to 
Cohen et al. discloses the expression of epidermal growth 
factor (EGF) as a fusion protein with a leader sequence of 
up to 200 amino acids (preferably up to 75) . The fusion 
protein is expressed in bacteria as an insoluble inclusion 
body. 

25 U-S. Patent 5,302,526 to Keck et al. is directed to 

recombinant DNA encoding amphophilic leader sequences 
(carrier segments) for the production and purification of 



30 
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fusxon proteins. The polypeptide comprises an amphophilic 
helix designed to have hydrophilic charged amino acid 
residues on one side and nonpolar amino acid residues on 
the other side of the helix. When a gene encoding a 
protein of interest is attached to the helix, an inclusion 
body is formed. The inclusion bodies may be collected and 
purified. 



U.S. 



35 



Patent 5,322,930 to Tarnowski et al. describes a 
method for expressing proteins as fusion proteins by using 
10 the portion of human pro-atrial natriuretic peptide 
(proATP) as the carrier for a heterologous peptide, wherein 
each of the Glu residues normally present in the proATP 
protein portion is altered to Gin. 

U.S. Patent 5,008,373 to Kingsn^ et al. describes a 
15 fusion protein system useful in vaccines or in diagnostic 
or purification applications. The fusion protein includes 
a first amino acid sequence derived from a retrotransposon 
or an RNA retrovirus encoded for by a yeast TYA gene 
sequence. The second amino acid sequence is a biologically 
0 active amino acid sequence, acting as the antigen 

U.S. Patent 5,322,769 to Boiling, et ai. is directed 
to a method for using CKS fusion proteins in assays 

Lin et al. (1987) disclose the use as an antigen of a 
fusion protein containing a carrier segment consisting of 
5 the gene 10 molecule of phage T7. 

A major problem with prior art carrier segments is 
that the carrier segments also are known to be antigenic; 
that IS, antibodies are produced in response to the carrier 
segment. Thus, there is a competition between the 
) production of antibodies to the desired ligand and the 
production of antibodies to the carrier segment which may 
result m a lower production of antibodies with specificity 
for the target segment. since the immune system usually 
reacts to surface exposed peptide segments which are often 
Charged, it is likely that the existence of charged 
residues on the carrier segment exacerbates such problems 
With antigenicity. 
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Another problem with prior art carrier segments is 
that they often require the use of adjuvants. Adjuvants 
serve a variety of purposes (Klein, 1990) . Adjuvants trap 
the antigen by causing the formation of an emulsion, 
5 precipitate or small vesicles at the injection site from 
whxch the antigen is released slowly over a prolonged 
period. The clearance of the antigen is thus delayed and 
the organism's exposure to the antigen is lengthened. 
Adjuvants also stimulate the nonspecific migration of cells 
10 to the site of antigen injection and increase the 
probability of interaction of the antigen with cells of the 
xmmune system. Further, adjuvants increase antigen 
dispersion in the recipient's body by continually 
delivering the antigen in small amounts from the injection 
site to the regional lymph nodes or spleen. Some adjuvants 
also have a mitogenic effect and so stimulate the 
proliferation of lymphocytes nonspecif ically. Some 
adjuvants also help to stimulate lynphocytes by activating 
adenylate cyclase and other chemical messengers. Adjuvants 
20 may increase the probability of contact among T- and B- 
cells, macrophages, and antigens through the activation of 
lymphocyte- trapping mechanisms. The main problem with 
adjuvants is that some of the most effective ones tend to 

ll ""^T "^^""^^ organism. 

25 They also can be difficult to handle. 

SPMMARY nv TOP INVENTTOW 

The present invention is directed to a fusion protein 
,o kT'"! comprising a non-naturally occurring, 

30 hydrophobic, sparingly soluble amino acid sequence. 

The present invention is also directed to a 
substantially nonantigenic fusion protein carrier segment 
comprising a non-naturally occurring. hydrophobic, 
sparingly soluble amino acid sequence having a length at 
35 least about 65 amino acids long, wherein the carrier 
segment comprises no more than approximately 5% of the 



10 



following amino acids: arginine, lysine, aspartic acid, 
glutamic acid, cysteine, tryptophan and methionine. 

The present invention further is directed to a 
carrier protein conjugate comprising a first amino acid 
sequence, wherein the first amino acid sequence is at least 
about 65 amino acids long and the first amino acid sequence 
lacks at least two of the following amino acids selected 
from the group consisting of the following negatively or 
positively charged side chains of amino acids: arginine, 
lysine, aspartic acid, glutamic acid; or uncharged side 
chains of the following amino acids: cysteine, tryptophan 
and methionine (with the exception of methionine at the 
amino terminal site) ; and a ligand fused to the first amino 
acid sequence. 

15 Further, the present invention is directed to an amino 

acid sequence as illustrated in Pig. i [SEQ. ID. 1] or to 
an amino acid sequence as illustrated in Fig. 3 [SEQ. ID 
2] . 

The present invention also is directed to a non- 
20 naturally occurring fusion compound comprising an amino 
acid sequence as illustrated in Fig. i [SEQ. ID. l] linked 
to a ligand. 

The present invention also is directed to an 
expression vector comprising an amino acid sequence in a 

25 single reading frame with a coding sequence for an antigen, 
wherein the expression vector expresses a particle -forming 
fusion protein encoded by the amino acid sequence and a 
ligand, wherein the amino acid sequence is a non-naturally 
occurring, hydrophobic, sparingly soluble amino acid 

30 sequence wherein the amino acid sequence lacks at least two 
of the following amino acids selected from the group 
consisting of the following negatively or positively 
charged side chains of amino acids: arginine, lysine, 
aspartic acid, glutamic acid; or uncharged side chains of 

35 the following amino acids: cysteine, tryptophan and 
methionine (with the exception of methionine at the amino 
terminal site) . 
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The present invention further is directed to an 
adjuvant for administering a high molecular weight protein 
to a host animal, the adjuvant comprising a non-naturally 
occurring, hydrophobic, sparingly soluble amino acil 

5 sequence . «^ j-u 

also is directed to a process 
for producxng an antibody to a ligand comprising: a) fusing 
h r .'Z conPrlslng a non-naturally occurring 

Ugand to fom. a fusion protein or carrier protein 
conjugate or carrier protein co^lex; present^g the 
an'fS- by .n „vo or in vitro ,»ans,. and c) producing the 
antibody to the Ugand by in vivo or In vitro means. 
IS d.^ invention also is directed to an assay for 

in ITesr . =^ an anti-antigen antibody 

m a test sample, wherein (a) at least a r-^r^^^ 

_ . »«/ ai. xeasc a carrier orotein 

«n,ugat. is attached to a solid phase as capture Lge"t 
a^ .s contacted with the test senile for a time and u!der 
20 r T antigen/antibody of complexes to 

=0 occur, and ,b. an indicator reagent comprised ora signal 
generating compound and a specific binding member for^he 

f"r a real"""'"" ^'^'^'^ sufficient 

IndiLt T : =^^1 3-«ata^ la an 

indxcatxon of the presence of the antt-analyte antibody in 

fullon improvement comprises attaching a 

occur . T '^"^ ^-P'iaina a non-naturally 

occurring hydrophobic sparingly soluble amino acid sec^ence 
to the solid phase as the capture reagent. 

The present invention is further directed to a process 

• cl"'"""'"" ^ ""^ -^-1 an i-log" 

comprrs.ng= ,a, preparing an immunogen comprising a 
substantxally nonantigenic fusion protein carriTr segment 
contarn.ng a non-naturally occurring. hydrophlc 
sparingly soluble amino acid se,^ence having a lelgth « 
^"^ ^""^ a-^"' ac^d 

selected from the group consisting of the following 
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negatively or positively charged side chains of amino 
acids: arginine, lysine, aspartic acid, glutamic acid; or 
uncharged side chains of the following amino acids: 
cysteine, tryptophan and methionine (with the exception of 
5 methionine at the amino terminal site); and (b) 
administering the carrier protein conjugate to the host 
vertebrate animal. 

The present invention also is directed to a process 
for vaccinating a host vertebrate animal with an immunogen, 
10 comprising: (a) forming an immunogen comprising a non- 
naturally occurring carrier protein conjugate containing an 
ammo acid sequence as illustrated in Pig. i [seq. id i] 
and a ligand fused to the amino acid sequence; and (b) 
administering the carrier protein conjugate to the host 
15 vertebrate animal. 

Further, the present invention is directed to a 
process for immunopurifying antibodies from a pool of 
antibody material, comprising: (a) forming a substantially 
nonantigenic fusion protein carrier segment containing a 
20 non-naturally occurring, hydrophobic, sparingly soluble 
ammo acid sequence having a length at least about 65 amino 
acids long wherein the amino acid sequence lacks at least 
two of the following amino acids selected from the group 
consisting of the" following negatively or positively 
25 Charged side chains of amino acids: arginine, lysine, 
aspartic acid, glutamic acid; or uncharged side chains of 
the following amino acids: cysteine, tryptophan and 
methionine (with the exception of methionine at the amino 
terminal site) ; (b) incubating the antibody material with 
the carrier protein conjugate under binding conditions to 
bmd the antibody material to the carrier protein conjugate 
to form an antibody/conjugate complex; (c) separating out 
the antibody/conjugate complex; (d) dissociating the 
antibody from the antibody/conjugate complex; and (e) 
>5 separating the antibody from the antibody /con jugate 
complex. 
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Further, the present invention is directed to a 
proceee for producing peptides, conprising: (a) incubating 
a fusion protein containing a fusion protein carrier 
segment comprising a non-naturally occurring hydrophobic 
5 sparingly soltible amino acid sequence, wherein the amino 
acid sequence lacks at least two of the following amino 
acids selected from the group consisting of the following 
negatively or positively charged side chains of amino 
acids: arginine, lysine, aspartic acid, glutamic acid; or 

10 uncharged side chains of the following amino acids: 
cysteine, tryptophan and methionine (with the exception of 
methionine at the amino terminal site) , under conditions 
where the peptide bonds on the fusion protein are cleaved; 
and (b) separating out the desired peptides. 

15 Further, the present invention is directed to a 

protease inhibitor comprising a fusion protein containing 
a fusion protein carrier segment comprising a non-naturally 
occurring hydrophobic sparingly soluble amino acid sequence 
and a cleavage site for a protease, wherein the fusion 

20 protein is isolated and used as a competitive inhibitory 
substrate . 

Further still, the present invention is directed to a 
solid support having absorbed thereon a carrier protein 
conjugate comprising: (a) a first amino acid carrier 

25 sequence, wherein the first amino acid sequence is at least 
about 65 amino acids long and the amino acid sequence lacks 
at least two of the following amino acids selected from the 
group consisting of the following negatively or positively 
charged side chains of amino acids: arginine, lysine, 

30 aspartic acid, glutamic acid; or uncharged side chains of 
the following amino acids: cysteine, tryptophan and 
methionine (with the exception of methionine at the amino 
terminal site) ; and (b) a ligand fused to the first amino 
acid carrier sequence. 

35 The present invention also is directed to an assay for 

determining the concentration of an enzyme in a test 
sample, wherein (a) at least a carrier protein conjugate 
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containing a ligand upon which the enzyme can act is 
attached to a solid phase and is contacted with the test 
sample for a time and under conditions suitable for the 
enzyme to act upon the substrate, and (b) indicator 
5 reagents capable of generating a signal change in response 
to the enzyme-catalyzed modification of the immobilized 
substrate is contacted with the complexes for time 
sufficient for a reaction to occur, wherein the signal 
generated is an indication of the presence of the enzyme in 
10 the test sample. The improvement comprises attaching a 
recombinant fusion protein carrier segment comprising a 
non-naturally occurring hydrophobic sparingly soluble amino 
acid sequence to the solid phase as the capture reagent. 

The present invention also is directed to a test kit 
15 for use in detecting the presence of anti-antigen 
antibodies in a test sample, which test kit contains a 
container containing at least one protein specific for the 
anti-antigen antibody and, wherein the improvement 
comprises a container containing a non-naturally occurring 
20 hydrophobic sparingly soluble amino acid sequence, which is 
specific for the anti-antigen antibody. 

The present invention also is directed to an 
immunoassay kit for detecting a specific antigen, 
comprising in separate containers: 

^- a solid support having bound thereto one or more 
antibodies produced according to the process 
described above that will specifically react with 
a desired antigen; 
b. a buffer to remove unbound proteins; 
30 c. solutions for detection of bound analyte; and 

d. instructions for use. 



The advantages of the present invention are 
specifically directed to the novel carrier segment. Some 
of the advantages of the carrier segment are as follows: 

Low Antigenicity: One of the primary goals of the 
present invention is to make antibodies to a ligand. In 
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order to have the b st opportimity to make the antibodies 
to the ligand, the carrier segment portion of the fusion 
protein nnist be relatively noncintigenic to the animal. 
Typically, the immune system in a host body will target 
5 foreign materials, i.e., antigens presented to the system. 
When an antigen such as a fusion protein enters the body, 
the immtme system will seek out the most antigenic moiety 
to attack. If the carrier segment happens to contain the 
most notable antigen, the immune system will preferentially 

10 target the carrier segment and have little response to the 
target ligand segment of choice. This is often the case 
primarily because the carrier segment tends to be the 
larger segment, usually 300 or more amino acids. In 
naturally occurring proteins used as carrier segments, 

15 there are also a large number of charged amino acids. 

Charged amino acid sequences are more likely to be 
surface -exposed and antigenic than are hydrophobic amino 
acid sequences. Thus, the carrier segment has more 
potential epitopes, and consists of residues which 

20 frequently are more easily recognized as foreign or 
dangerous by the immune system. By making the carrier 
segment small and very low in antigenicity, the immune 
system will be more likely to attack the ligand and produce 
antibodies to the ligand* 

25 For the purposes of the present invention, low 

antigenicity is defined as failure of the carrier segment 
to induce formation of greater than 50% of the specific 
antibody generated in response to three or more injections 
into chickens, mice and rabbits of a fusion protein 

30 consisting of the carrier segment fused to a ligand having 
the sequence: H^N-Lys Met Ala Glu Asp Asp Pro Tyr Leu Gly 
Arg Pro Glu Gin Met [SEQ. ID. 4] . 

One way of reducing the antigenicity of the carrier 
segment is to reduce its size. This allows the attached 

35 ligand to comprise a significantly greater fraction of the 
total fusion protein. Typically, the carrier segment 
contains between approximately 200 and 500 amino acids in 
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length. However, by reducing the length of the segment to 
an amino acid length of approximately 100 or fewer amino 
acids and removing many charged amino acids, the carrier 
segment is less effectively displayed to the immune 
5 response in the host organism. The carrier segment should 
be at least 65 amino acids long, and preferably 100 amino 
acids long. At the very least, the length of the carrier 
peptide should be sufficiently long to allow effective 
expression within the procaryotic host expression organism. 

Low Solubility: A major advantage of the present 
carrier segment is that it is sparingly or slowly soluble. 
This results in an advantage for rapid purification since 
injection quality immunogen containing low levels of 
pyrogen can be prepared using simple washes as opposed to 
conventional methods such as chromatography, thus resulting 
in savings in both time and equipment. Additionally, the 
sequestration of the peptides in inclusion bodies when 
expressed may protect labile sequences from proteolytic 
attack. 

No Need for Adjuvants: An additional advantage of the 
carrier segment is that it may act as its own adjuvant as 
well as a conventional carrier protein due to various 
properties of the carrier segment and of conjugates 
containing the segment, including low solubility and 
mitogenic effects. 

A typical way researchers currently prepare antigens 
for production of antibodies is to chemically synthesize 
the ligand or peptide using techniques known to the art, 
and then to chemically crosslink it to a larger protein, 
known as a carrier protein. The function of the carrier 
protein is to elicit T-cell help. T-cell help is important 
in producing an effective antibody response within an 
animal. However, many ligands and peptides are too small 
to both present the desired antigenic site and to include 
a segment which allows the material to elicit T-cell help. 
Certain proteins, such as keyhole limpet hemocyanin, are 
known to the art to contain effective sites for eliciting 
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T-cell help, and are thus often coupled to small ligands 
for this purpose. Unfortunately, as discussed previously, 
many of these also are antigenic and can dominate the 
antibody response. The carrier segment described elicits 
5 the necessary T-cell help without dominating the antibody 
response, and thus is a superior carrier protein. 

A typical way researchers currently prepare a dosage 
of the antigen for injection for the production of 
antibodies is to formulate it in any number of suspension, 

10 precipitate or emulsion forms, called adjuvants. Adjuvants 
can augment the immune response as the result of the 
combined effect of several factors. If the antigen were 
injected into the host animal as is, it would be in a 
soluble form and would be quickly dispersed from the site 

15 of injection and cleared from the body. Since the immune 
system needs time to recruit immune cells to the site of 
injection and to mount a response, the quick dispersal and 
clearance of antigen is detrimental to the immvme response. 
Formulation of the antigen so that it is trapped at the 

20 site of injection is an effort to keep the antigen 
localized long enough for the immune system to locate it 
and mount a response. In most cases, the antigen is not 
trapped long enough at the site to elicit a robust immune 
response, so multiple injections over a period of several 

25 weeks are required. Additionally, recruitment of immune 
cells to the site of injection usually requires some local 
nonspecific inflammation. For this reason, some adjuvant 
formulations also contain an irritant for this purpose. 
Adjuvants also may trap the recruited immune cells, thereby 

30 enhancing the interactions of the irranune cells. Finally, 
adjuvants may stimulate proliferation of the immune cells. 

The low solxibility of the carrier segment and of 
conjugates containing it creates conditions at the 
injection site that are sufficient for moiinting an immune 

35 response; namely, that some sort of nonspecific 
inflammatory response is created that recruits immune cells 
to the location, that antigen is sequestered at the site 
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long enough for an immune response to be mounted, that 
interactions between the immune cells may be potentiated, 
and that inmrune cell proliferation is stimulated. If the 
solubility were too low, or if the antigen were not 
accessible to the immune system, no response would be 
achieved; thus, the solubility of the carrier segment is 
thought to be in an optimal range which balances the need 
for sequestration against the requirement for slight 
solubility and effective antigen display. Thus, the 
carrier segment has been designed to provide all functions 
required for eliciting an immune response; recruitment of 
immune cells to the injection site, sequestration of 
antigen at the site, eliciting T-cell help without 
dominating the antibody response, and effective antigen 
15 display to the immune system. The advantages of this 
system over prior art is that it eliminates the need for a 
step involving coupling to a carrier protein, and a step 
involving formulation in an adjuvant. Additionally, a 
single injection of antigen is sufficient to elicit an 
20 an^>le immune response. 

Most adjuvants induce the formation of granulomas in 
animals and humans. For this reason, most adjuvants are 
not allowed for use in humans although they are allowed for 
use in animals (Klein, 1990) . Therefore, a system which 
does not require the use of adjuvants is not only more 
humane, but may have significant benefits specifically in 
the field of vaccine development. 

Using the carrier segment described, antibody isotype 
response may be able to be altered. Different isotypes or 
classes of antibody heavy chains are known to have unequal 
effector functions, such as the capacity to fix complement, 
and unequal capacity to bind available affinity resins, 
such as Protein A. Thus, antibodies with the same antigen 
specificity but of a different isotype have disparate 
35 effector functions and resin-binding affinities. The 
system of the present invention induces different antibody 
isotype profiles in response to different concentrations of 
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the antigen. Thie suggests that a system may be developed 
whxch wUl .now the regulation of the predolinant isot^^ 

::ch:irc;y.°' 

5 Ixc.U«t «:„r„.lon, The property of excellent 

«^resalon simplifies the production of a fusion p::: 
allowing small fermentations to be performed for t^ 
isolation Of sufficient antigens for immunizations as Jl 

. ;.i^«TrreXr i^sT'T ^-^-^^ ^ ^"^""^ 

the fusion /rotef m^sVL^ri:—: " — 

ZlllT rT T 

host alLal TH " °' °- 

is a/° r """" "'^"^ °' invention 

xs advantageous in that it is able to be e=cpressed at a 

bacteria. Another advantage is that It allows the 

a™;^"'°: °' '"^ ^'■"^^ """"^ .^egraaatiortL: 
allowing intact fusion proteins to be isolated 

Kbr*. with a v«.i.ty of Target Lig«^, Another 

to ta^aet 1 "^f^"™^^ nonspecific in ter^s of attaching 
to target ligande. Therefore, virtually any type of liaan! 

Z^^fT " «P«lngly soILi: ca:rier 

segment to produce a useful i™^ogen in which the carrier 

segment is nonantlgenic and the desired peptide Ts 
selectively displayed to the Immune system 

Broad utility as an tatigea: Another advantage of the 
present ^^^^^ ^^^^^^^ ^^^^^ ^ the 

antigenic responses in most antibody producing species 
T^ical species Include vertebrates such as the luse. ^t 
rabbit. Chicken, goat, sheep, donkey, horse and human 
fusion protein has been shown to be effective using a 
variety of routes of injection as discussed infra 

advantarof°\r°'"° High: Another 

advantage of the present invention is that the ratio of 
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specific antibodies to the ligand of interest compared to 
those antibodies directed against the carrier segment of 
the fusion conjugate is high. Typical carriers, such as 
KLH or BSA, are both antigenic in nature and much larger in 
size than the ligand. Thus, many or most of the antibodies 
produced in response to immunization with such a compound 
are directed against the carrier segment. 

The present invention constitutes a much smaller 
carrier segment which has low antigenicity. Since there 
are both fewer epitopes and less antigenic epitopes 
presented to the immune system with the current invention, 
there is a net effect of making the ligand immunodominant. 
This results in a more robust immune response to the ligand 
of interest. 

15 Production of Peptides: The present invention also 

advantageously allows the rapid production of large 
quantities of short peptides of defined sequences to be 
expressed as an insoluble fusion protein. The hydrophobic 
carrier segment can be cleaved and removed, or left 
20 attached. In addition to the uses listed above, leaving 
the carrier segment attached enables the peptide to be 
immobilized on hydrophobic surfaces, which may have utility 
for a wide variety of applications. The peptides can be 
used in all ways other short peptides are used, such as the 
25 neutralization of antibodies, direct immunization as 
discussed above, conjugation to other carriers for 
immunization, epitope mapping, as therapeutic agents, 
substrates for the assays of enzymes, and other 
applications. As is well-known in the prior art, fusion 
proteins can be processed by a variety of reagents to yield 
the desired peptide sequence separated from the carrier 
segment. An advantage of this invention is that removal of 
the carrier segment is facilitated by the low solubility of 
the carrier segment when the desired peptide is cleaved 
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Other advantages of the present invention over 
conventional peptide synthesis include lower cost of 
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prcxiuction of small quantities of peptides of defined 
sequences. Further, no toxic reagents are required in the 
process of the present invention. There also is less of a 
chance of modification of amino acid side chains, which has 
been demonstrated to be a problem with conventionally 
synthesized peptides. 

The present invention also offers significant 
improvements over the current technology for making 
antxbodies to peptides or proteins. The present invention 
makes it easier for an antibody to be made from a peptide 
sequence of a protein without requiring knowledge of the 
entire sequence of the target protein, as well as making 
antibodies with high affinity, specificity, and avidity to 
both the peptide and the parent protein from which the 
15 peptide was derived. Therefore, the basic problems 
involved with immunization, immunoaff inity purification of 
antibodies from polyclonal sera, peptide production and 
epitope mapping or identification can all be accomplished 
in facxle, inexpensive, safe ways using equipment and 
methods very familiar to biologists not accustomed to 
working with peptides or synthesizing peptides. 

The product of the present invention is designed to 1) 
produce a safe vaccine against infectious diseases, and 2) 
synthesize defined proteins against which antibodies can be 
raised for experimental, industrial, pharmaceutical and 
diagnostic purposes. 

The present invention also is useful in the production 
of diagnostic reagents for use in diagnostic assays The 
fusion protein, comprising the combination of carrier 
sequence and ligand, can be dispersed or immobilized on a 
variety of solid supports such as test tubes, microliter 
plate wells, dipsticks and the like. Moreover, using this 
technology makes it possible to generate longer peptides 
than feasible under standard chemical synthetic methods. 

These and other aspects of the present invention will 
become evident upon reference to the following detailed 
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description of the invention, the exan5)les, and the 
attached drawings and photographs. 

BRIEF DESCRIPTION OF T HE DRAWINGS 
5 Fig. 1 is an amino acid sequence of the preferred 

carrier protein [SEQ. ID. i] of the present invention. 

Fig. 2 is the preferred amino acid sequence of the 
polylinker segment [SEQ. ID. 3] of the present invention. 
Fig . 3 . is the amino acid sequence of the combined 
10 carrier segment and polylinker segment [SEQ. ID. 2] of the 
present invention. 

Fig. 4 is a flow chart illustrating the production and 
use of the fusion protein of the present invention. 

Fig. 5A is a graph illustrating purity assessments of 
15 fusion proteins purified by the method of the present 
invention as assessed by reversed-phase HPLC, and fast -atom 
bombardment mass spectrometry as described in Example 3. 
In Fig. 5A, a purified fusion protein containing the 
carrier segment was assayed by high pressure liquid 
20 chromatography (HPLC) . The desired protein peak is 
indicated by an arrow. The peak due to acetic acid 
adsorption is indicated with an open circle. 

Fig. 5B is a graph illustrating purity assessments of 
fusion proteins purified by the method of the present 
25 invention as assessed by reversed-phase HPLC, and fast-atom 
bombardment mass spectrometry as described in Example 3. 

Fig. SB is specifically a mass spectrogram of fusion 
protein purified from pMKlGO. As noted on Fig. 5B, the 
mass of the M+1 peak is extremely close to that predicted 
30 from the cDNA sequence. 

Fig. 6 is a diagram illustrating the immobilization of 
carrier protein conjugates on solid surfaces in Example 4. 

Fig. 7 is a graph illustrating the antigenic response 
of mice to a fusion protein made between the carrier 
35 protein of the present invention and a peptide segment 
derived from p50 and demonstrating the predominant antibody 
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response is directed against the ligand, not the carrier 
segment, in Example 5. 

Fig. 8 is a graph illustrating the antibody titers 
from mice immunized with 1 mg/ml fusion peptide in the 
5 presence of Freund's adjuveuit (complete at the primary and 
incomplete with each boost) and tested using different 
adjuvants in Example 6, 

Fig. 9A is a graph illustrating the antibody titers 
from mice immunized with 2 mg/ml - 0.1 mg/ml fusion peptide 
10 in the presence of adjuvant in Example 7. 

Fig. 9B is a graph illustrating the antibody titers 
from mice immunized with 2 mg/ml - 0.1 mg/ml fusion peptide 
in the absence of adjuvamt in Example 7. 

Fig. 10 is a graph illustrating the capacity of the 
15 system of the present invention to induce significant 
antibody response with a single injection as described in 
Example 8. 

Fig. IIA is a graph illustrating the production of 
polyclonal antibodies in mice using the system of the 
20 present invention with immunization of mice in Example 9. 

Fig. IIB is a graph illustrating the production of 
polyclonal antibodies in rabbits using the system of the 
present invention with immunization of mice in Example 9. 

Fig. lie is a graph illustrating the production of 
25 polyclonal antibodies in chickens using the system of the 
present invention with immunization of mice in Example 9. 

Fig. 12 is a graph illustrating the capacity of 
polyclonal antibodies made using the system of the present 
invention to bind peptides and full length target proteins 
30 in Example 10. 

Fig. 13 is a graph illustrating the production of high 
proportions of peptide-specif ic polyclonal antibodies and 
peptide -specific, soft-release polyclonal antibodies in 
Example 11. 

35 Fig. 14 is a graph illustrating the proliferative 

effects of the carrier segment on splenocytes from 
nonimmunized mice in Example 12 . 



wo 9605249 



PCT/D^S/14518 



20 



DETAILED DE SCRIPTION OF THE TNVRWTT nif 
Definitiong 

The following definitions are provided to assist in 
providing a clear and consistent understanding of the scope 
5 and detail of the terms: 

Adjuvant: A substance that nonspecif ically augments 
the immune response to an antigen when mixed with the 
antigen prior to injection, or when injected separately but 
into the same site. Adjuvants are generally classified 
10 into five groups: oil adjuvants, mineral salts, synthetic 
polymers, liposomes, and natural substances. 

Amino Acids: Amino acids are shown either by three 
letter or one letter abbreviations as follows: 
Abbreviated DeR-iqna«--i»^ Amino 



15 A Ala 



35 



Aleuiine 



^ Cys Cysteine 

° Aspartic acid 

E G-Lu Glutamic acid 

,n I Phenylalanine 

^° G Gly Glycine 

H His Histidine 

^ Isoleucine 

K Lys Lysine 

^ Leucine 

'^^ " Wet Methionine 

^ Asparagine 

P Pro Proline 

Q Gin Glutamine 

^ ^9 Arginine 



30 S Ser 



Serine 



Threonine 

V Val Valine 

JJ JfP Tryptophan 

Y ^r Tyrosine 



Antigen: A substance recognized by T- and B-cell 
receptors and which activates lymphocytes by interacting 
with the combining sites of T- or B-cell receptors. 
40 Avidity: The overall tendency of antibodies to 

combine with antigens. Avidity is influenced by affinity, 
valency of antigens and antibodies, and the composition of 
antibodies . 

Biological Activity: The capacity of acting or 
45 reacting in some specific way in a biological system. 
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Carrier Segnsnt: A protein which allows coexpression 
of a heterologous peptide as a normal extension of or 
insertion in the polypeptide chain to form a fusion protein 
defined below, and/or which may be chemically coupled to a 
5 peptide, hapten, or other ligand to form a carrier protein 
conjugate defined below, and/or which may be coadministered 
with an antigen as described under "coadministration." The 
carrier protein will generally have a molecular weight 
between about 10 to SOkDa and preferably will not have an 

10 accessible internal cleavage site. The DNA and amino acid 
sequence of the preferred carrier protein is shown in Fig. 
1 [SEQ. ID. 1] . 

Cloning Vehicle: A plasmid, phage DNA, cosmid or 
other DNA sequence which is able to replicate in a host 

15 cell, characterized by one, or a small number of, 
endonuclease recognition sites at which such DNA sequences 
may be cut in a determinable fashion without attendant loss 
of an essential biological function of the DNA, e,g., 
replication, production of coat proteins or loss of 

20 promoter or binding sites, and which contain a marker 
suitable for use in the identification of transformed 
cells, e.g., tetracycline resistance or ampicillin 
resistance. A cloning vehicle is often called a vector. 

Coadministration: Mixing a desired antigen with a 

25 finely divided or soluble portion of the carrier segment, 
resulting in the physical entrapment of or association of 
the antigen with the carrier segment, followed by injection 
of the mixture into a host organism. Upon injection of the 
mixture, the antigen is considered to be coadministered. 

30 Alternatively, consecutive injections of the carrier and 
antigen into the same site may be considered 
coadministration , 

Carrier Protein Coa^lex: A preparation which consists 
of a carrier segment and a peptide, hapten, or other 

35 ligand, wherein the association between the two is 
noncovalent in nature. This includes physical entrapment 
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Of one by the other, electrostatic, hydrophobic, or 
affinity interactions, and chelates. 

Carrier Protein Conjugate: A molecule which consists 
of a carrier segment and a peptide, hapten or other ligand, 
5 wherein the association between the two is any sort of 
covalent chemical bond. Such a molecule would typically be 
produced using a chemical crosslinking reagent. A subset 
of the carrier protein conjugate is a fusion protein as 
described below . 
10 DNA Sequence; A linear array of nucleotides connected 

one to the other by phosphodiester bonds between the 3 ' and 
5' carbons of adjacent pentoses. 

Epitope: A small region of the ligand' s surface that 
binds with the antibody. Epitopes also serve as antigenic 
15 determinants. 

Expression: The process by which a polypeptide is 
produced by a gene or DNA sequence. It is a combination of 
transcription and translation. As it relates to proteins, 
expression refers to the directed synthesis of large 
20 amounts of desired proteins. Overexpression refers to 
production of a desired protein in amounts exceeding that 
normally produced by the cell in question. 

Fusion Protein: A class of carrier protein conjugates 
which consists of a carrier segment and a chosen peptide, 
25 in which the connection between the two is a normal 
extension of or insertion in the polypeptide chain. A 
fusion protein could be produced by expression of a gene 
encoding the fusion sequence or by chemical coupling of the 
two in such a manner that a normal peptide linkage is 
30 formed. 

Hapten: A substance of low molecular mass (typically 
lower than 4000 daltons) that can bind antibodies and 
induce immune response if covalently attached to a large 
carrier molecule. 
35 Heterologous Peptide: A peptide which is not 

endogenous to the host selected, although this definition 
also includes endogenous peptides in cases in which 
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overeaqjression of such is desired. Heterologous peptides 
are short relative to most proteins, generally having a 
molecular weight of less than about lOkDa, and may be 
glycosylated, sialylated, phosphorylated, or the like. The 
peptide also will exhibit some form of useful activity, 
typically either biological activity, e.g., as a peptide 
hormone, or antigenic activity for use in recombinant 
vaccines and/or immunological assays. The peptide may 
either omit any cleavage site or may express a site in an 
inaccessible portion of the peptide, e.g., at a position of 
the peptide which is masked by another portion of the 
peptide, or by glycosylation, phosphorylation, or the like. 

Iminmogea: A substance capable of eliciting immune 
response . 

Unmunological Binding Activity: The specific capacity 
to bind to an antibody. 

inclusion Body: An inclusion body protein is one 
overexpressed in the host which at some stage of expression 
or purification is visible by phase contrast microscopy as 
a precipitate, regardless of the physical state of the 
protein at the time it is referenced. a further 
description of inclusion body can be found in U. S. Patent 
4,512,922 to Jones et al . , which is incorporated herein by 
reference for a description of inclusion bodies, and which 
25 refers to inclusion bodies as " retractile bodies." 

laotypes: Classes or subclasses of antibody defined 
by shared epitopes present on all molecules of the heavy 
chains in that antibody class or subclass in a given animal 
species, e. g., igM, igGj, and IgG,. 
30 Ligand: A molecule that binds a specific receptor or 

enzyme. Examples include proteins, peptides, haptens, 
polysaccharides or other biomolecular entities, and are 
known to interact with antibodies. 

Nucleotide: A monomeric unit of DNA or RNA consisting 
of a sugar moiety (pentose), a phosphate, and a nitrogenous 
heterocyclic base. The base is linked to the sugar moiety 
via the glycosidic carbon (l' carbon of the pentose) and 
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that combination of base and sugar is called a nucleoside. 
The base characterizes the nucleotide. The four DNA bases 
are adenine (A), guanine (G) , cytosine (C) , and thymine 
(T) . The four RNA bases are A, G, C, and uracil (U) . 

Nucleotide Base Sequence: A linear array of 
nucleotides in a DNA molecule commonly prepared from four 
dNTP precursors: dATP, dCTP, dGTP and dTTP. Modified bases, 
other than the usual four found in DNA, also may be 
incorporated . 

Peptide: A compound consisting of 2-50 naturally 
occurring or synthetic amino acids which also can be 
further modified, as described above, which is covalently 
linked through peptide bonds formed from the a-carboxyl 
group of one amino acid and the a-amino group of the next 
amino acid by elimination of a molecule of water. The 
amino acids can be either naturally occurring amino acids 
as described above, chemically synthesized variants of such 
amino acids such as norleucine, or modified forms of these 
amino acids which can be altered from their basic chemical 
structure by addition of other chemical groups which can be 
found to be covalently attached to them in naturally 
occurring compounds. Some of the modifications so attached 
include: phosphate groups, lipid groups, nucleotide 
groups, and polymers of sugars and will include other 
modifications known to those skilled in the art. 

Plasmid: A nonchromosoraal , double -stranded DNA 
sequence comprising an intact "replicon" such that the 
plasmid is replicated in a host cell. When the plasmid is 
placed within a unicellular organism, the characteristics 
of that organism may be changed or transformed as a result 
of the DNA of the plasmid. For example, a plasmid carrying 
the gene for tetracycline resistance (TETR) transforms a 
cell previously sensitive to tetracycline into one which is 
resistant to it. A cell transformed by a plasmid is called 
a "transformant . " 

Recombinant DNA Molecule or Hybrid DNA: A molecule 
consisting of segments of DNA from different sources which 
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have been joined end-to-end outside of living cells eind are 
able to be maintained in living cells. 

BASIC INVENTION 

5 The basic invention is directed to the construction of 

a carrier protein conjugate or a carrier protein complex - 
The carrier protein conjugate or complex comprises a first 
amino acid sequence, wherein the first amino acid sequence 
is substcuitially non-naturally occurring and insoluble, and 
10 a ligand having biological activity or immunological 
binding activity. 

CARRIER SEGMSNT 
Properties of Carrier Segment 

15 The present invention is specifically directed to a 

proteinaceous carrier segment which will be referred to as 
a "carrier segment" or "the segment." The carrier segment 
described in this invention has free amino and carboxy 
termini, although that is not necessary for most of the 

20 purposes described. The carrier segment has been designed 
to have several properties that are of importance to the 
present invention. The carrier segment is hydrophobic. 
Since the carrier segment dominates the solubility behavior 
when attached to short peptides and ligands, conjugates 

25 containing it are sparingly solxible in neutral acpaeous 
solutions. 

The carrier segment and fusion proteins containing it 
are expressed to high levels in E, coll and are made as 
insoluble protein granules known as inclusion bodies. The 

30 protein found in these inclusion bodies is easy to purify 
in large queintities using techniques known to the art. The 
carrier segment itself has low antigenicity when injected 
into animals, but will adequately display an attached 
ligand to the immune system of an animal. The carrier 

35 segment also lacks many sites of cleavage recognized by 
proteases with specificity for a single amino acid, and is 
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soluble in some solutions that allow cleavage by chemicals 
and enzymes, e.g., urea, SDS, formic acid, and formamide. 



Design of Carrier Segment 

5 A carrier segment with the above favorable properties 

was designed in several defined steps. By using these 
steps cmd one extra step not needed in this case, a 
researcher could design other carrier segments starting 
with different proteins. A highly expressed protein 

10 sequence was identified for which an expression vector was 
available (in this case gene 10 protein of phage T7, 
encoded by vector pGEMEX-1) . 

The initial protein in this case was expressed at 
about 100 mg/1 of culture in E. coll cells. Next, the 

15 designed protein sequence was truncated to 79 amino acids, 
not counting the polyl inker amino acids as described later. 
Making the sequence smaller, it is less likely to contain 
antigenic sites to start with. There appears to be a 
length minimum at around 65 amino acids below which good 

20 expression is not obtained in E.coli. 

The truncated sequence was further modified by 
substituting uncharged amino acids or histidine for the 
charged amino acids lysine, arginine, aspartic acid, and 
glutamic acid. Any tryptophan or cysteine residues were 

25 changed to any uncharged amino acid, and all methionines, 
except for the amino terminal one (necessary if expression 
were to be accomplished in E.coli) , were substituted with 
any uncharged amino acid, most often valine. In general, 
a replacement amino acid was selected which did not require 

30 great changes in the DNA sequence of the expression vector ; 
usually only the third base of the codon was changed. 
Other slight changes (1 amino acid insertions) in amino 
acid sequence were made to accommodate cloning of the DNA- 
encoding the carrier segment into the expression vector, 

35 described later. 

Thus, the salient design feature of the carrier 
segment is that it is truncated to about 79 amino acids. 
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not counting the polylinker amino acids as described later, 
and lacks at least two and preferably all of the following 
list of amino acids: glutamic acid, aspartic acid, lysine, 
arginine, methionine (except for the single methionine 
placed on the amino terminus of the segment which is 
required for translation initiation in E.coli) , tryptophan, 
and cysteine. The lack of these amino acids is 
accomplished by substituting uncharged amino acids . If the 
starting protein were very hydrophilic and especially if it 
contained many uncharged hydrophilic amino acids such as 
threonine and serine, following the above design rules 
might not result in a protein that was hydrophobic enough 
to have the desired low solubility. in this case, 
further design rule would be to systematically substitute 
hydrophilic amino acids with more hydrophobic ones such as 
leucine, isoleucine, valine, and alanine, until the desired 
low solubility was achieved. 

Not all of the charged amino acids must be eliminated. 
In some cases, it is desirable or necessary to leave one or 
more charged amino acids in the carrier segment. For 
example, in order to clone a peptide -encoding DNA sequence 
into the expression vector for the carrier segment, the 
vector must contain some sites where restriction enzymes 
can cut. Usually several such sites are clustered in a 
single locus in the vector, creating what is commonly 
called a polylinker. There are often a few charged amino 
acids encoded by the DNA sequence in such polylinker 
sequences. Thus, the ideal carrier segment is devoid of 
charged amino acids except at the polylinker site. 

As stated above, it is desired to create a carrier 
segment having only enough size to accomplish the desired 
purpose. Suitable carrier segments have been produced 
which have a length between about 65 and 100 amino acids 
long. 

35 The preferred amino acid sequence of the carrier 

segment consists of 79 amino acids [SEQ. ID. # 1] and is 
illustrated in Fig. i. The amino acid sequence of the 



W 96/15249 



PCTAJS93/14518 



28 

carrier segment also ccm include a polylinker segment (Pig- 
2 [SEQ. ID. 3]) and thus be a combination of the carrier 
segment of Fig. 1 and the polylinker segment of Fig. 2, as 
illustrated in Fig. 3 [SEQ. ID. 2.]. 

Direct Use of Carrier Segment Described Above 

As described later, a researcher will wish to modify 
the DMA vector encoding the carrier segment to include 
polylinker segments or fused peptide sequence of interest. 
The carrier segment also can be produced without further 
amino acids being added or modified and advantageously used 
in several ways as described below. 

As Part of a Carrier Protein Conjugate: The carrier 
segment can be fused to a second chemical entity or ligand. 
As described later, this conjugate can be made by 
chemically coupling a ligand to the purified carrier 
segment. The conjugates thus prepared may be used for 
immunizations, coating of surfaces, receptor binding, and 
many of the other ways described elsewhere in this 
invention. 

As an Adjuvant: The carrier segment also has use as 
an adjuvant, i. e., without necessarily being fused to a 
ligand. The carrier segment can be coadministered with a 
protein for injection into a host animal. Typically, the 
carrier segment will work best with high molecular weight 
proteins or other polymers and biopolymers. Preferably, 
the molecular weight of the coadministered molecule is at 
least about 4,000 daltons. 

The carrier segment is mixed with the desired molecule 
and coinjected into animals. This is advantageous in that 
the carrier segment nonspecif ically augments the specific 
immune response to the desired molecule, resulting in the 
generation of a stronger immune response of the animal to 
the desired molecule. This property, along with others, 
indicates that the carrier segment demonstrates activities 
which define it as an adjuvant. 
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LIOAND 

The ligand can be a second peptide segment, a 
nonpeptide chemical moiety or hapten, or a mixed 
composition consisting of both a peptide segment chemically 
5 linked to a nonpeptide chemical entity. 

Exaitqples of chemical moieties which are available for 
fusion to the carrier segment include fluorescent moieties 
such as rhodamine, fluorescein, dansyl, and derivatives of 
such compounds; mono and polysaccharides; pharmaceutical 
agents; and derivatives and metabolites of such agents; 
environmentally hazardous chemicals and derivatives and 
metabolites of such agents, pesticide chemicals and 
derivatives and metabolites of such agents, and lipids. 

The chemical moieties are chemically attached to the 
carrier segment by a variety of means discussed in more 
detail later. Such means would include use of pre- 
derivatized con^oxinds designed to couple the desired 
moieties to biomolecules, use of chemical crosslinking 
agents, or expression as a fusion protein if the ligand is 
a peptide segment. A wide range of reagents for coupling 
ligands to biomolecules are commercially available from 
corporations such as Molecular Probes (Eugene, OR) and 
Pierce Chemical (Rockford, ID . Some of these reagents 
also allow for the coupling of multiple copies of the 
ligand to the carrier segment. 

The ligand may have either immunological binding 
activity (otherwise known as "immunologically active") or 
other biological activity. The ligand may have a single 
activity, for example antigenicity, receptor binding 
activity, therapeutic activity, or targeting activity, 
i.e., the ability to move to a given locus in a host animal 
after administration. The ligand also may have a 
combination of two or more such activities. 

If the ligand is a peptide, it may be an amino acid 
sequence known to the art or yet to be developed or 
identified. Examples of the amino acid sequence include 
derivations from a lymphokine gene such as an interferon 
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gene or a gene coding for an antigen of an infectious agent 
such as a virus, bacterium or other parasite. For example, 
it may be an antigen of influenza virus, an HIV virus, a 
rabies virus, etc. It also may be a fragment of the above 
5 antigens or a peptide resulting from a chemically 
synthesized coding sequence such that the resulting peptide 
has substantially the same antigenicity as the above 
antigens or fragments thereof. Reference is made to U.S. 
Patent 5,008,373 to Kingaman et al., which is incorporated 
10 herein by reference for a disclosure of examples of 
suitable amino acid sequences. 

EXPRESSION VECTOR 

Referring to Fig. 4, the production of various 

15 proteins of interest is achieved by expressing in host 
cells a proteinaceous carrier segment A or carrier segment- 
containing fusion protein A + B, which is then collected 
and purified, auid then either used directly, linked to a 
ligand B, coadministered with a ligand B", or cleaved to 

20 remove the carrier segment B' . 

The process involves the engineering of a recombinant 
DNA vector which, upon transformation into a suitable host, 
and subsequent expression, produces the carrier segment or 
carrier segment -containing fusion protein in abxindance. 

25 Although the preferred host cells are procaryotic cells 
such as E. coll, the invention also includes production of 
carrier segments or carrier segment -containing fusion 
proteins in a variety of host cells; for example, yeast 
cells such as S. cerevisiae, animal cells such as Chinese 

30 hamster ovary (CHO) cells, or COS cells containing a 
suitable expression vector that directs production of the 
desired protein. 

Construction of suitable vectors and cassettes 
containing the desired coding and control regions employs 

35 DNA manipulations (oligonucleotide synthesis, ligation, 
restriction) which are well understood in the art. 
Isolated plasmids, DNA sequences, or synthesized 
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oligonucleotides are cleaved, tailored, and relegated in 
the £orm desired. 

A prot in-coding cassette is constructed which encodes 
the desired carrier segment. The protein encoded by the 
cassette is about 10 kilodalton (10 kD) in molecular 
weight, and holds to the design principles of the carrier 
segment described above; namely, in brief that it has low 
solubility and antigenicity due to the selective removal of 
many charged amino acids. The preferred carrier segment 
protein and DNA sequence is illustrated in Fig. l [SEQ. ID 
1] . 

The protein-coding cassette for the above -designed 
carrier segment is then subcloned into a suitable 
expression vector. Usually this is a plasraid vector, 
although other systems could be used depending on the host 
organism used for expression. In the examples presented, 
the expression vector is a modification of a vector known 
as pGEMEX-l, which is described in Promega Corporation's 
(Madison, WI) catalog. The plasmid vector is a derivative 
of the well-known pBR322 vector derived from an E. coli 
species by Bolivar et al (1977). Expression of the 
carrier segment protein is driven by a promoter for T7 RNA 
polymerase. Other plasmids which contain replication 
sites, control sequences, and antibiotic resistant markers 
25 derived from a species compatible with the host also could 
be used. Commonly used prokaryotic control sequences which 
are defined herein include promoters for transcription 
initiation and termination along with ribosorae binding site 
sequences, and include such promoters as the beta- lactamase 
30 promoter. 

The expression systems useful in eukaryotic systems of 
the invention comprise promoters derived from appropriate 
eukaryotic genes. A class of promoters useful in yeast, 
for example, include promoters for synthesis of glycolytic 
35 enzymes, including those for 3-phosphoglycerate kinase. 

Even more advantageous to the present invention is the 
use of an expression vector construct which contains the 
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DNA encoding the carrier segment and which has this segment 
followed by a nucleotide segment, called a polylinker 
segment (C in Fig. 4), which contains the recognition 
sequence of at least one restriction endonuclease enzyme 
and which does not contain translation termination codons 
within the known reading frame of the carrier segment and 
the DNA encoding the restriction endonuclease site. Such 
a polylinker segment is advantageous in that the DNA 
encoding the expression vector can then be cut at specific 
sites in the polylinker using the restriction endonuclease, 
and a DNA segment encoding a desired peptide ligand can be 
inserted into the eaqjression vector at this point. In such 
a situation, one must ensure that the resulting vector will 
encode for a fusion protein containing the carrier segment 
and peptide of interest, that there will be no translation 
termination codons in the reading frame in the intervening 
DNA between the DNAs encoding the carrier segment and the 
ligand, and that the inserted DNA should include a 
translation termination codon at the end of the desired 
fusion protein. The knowledge concerning the proper design 
and use of polylinkers in the production of fusion proteins 
is well-known in the art. If desired, confirmation of the 
amino acid sequence of the resulting construct can be done 
by determining the DNA sequence of the resulting vector by 
use of methods well-known in the art. 

The preferred DNA sequence of the polylinker and the 
amino acids encoded by the polylinker sequence is 
illustrated in Fig. 2 [SEQ. ID. 3] . As discussed earlier, 
some of the codons in the polylinker segment encode charged 
amino acids. This is not detrimental to the performance of 
the fusion protein . 

The preferred DNA sequence of the complete vector plus 
the polylinker consists of the sequence shown in Fig. 3 
[SEQ. ID. 2] , wherein the remainder of the vector comprises 
pGEMEX-1, in which the DNA sequence from 5 to 905 are 
replaced with the sequence described in Fig. 3 in such a 
manner that the ATG codon (Met) is proximal to the T7 
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promoter sequence in the pGEMEX-1 vector. Note that when 
peptxde-encoding oligonucleotides are cloned into the 
polylinker with a translation terminator at the end of the 
desired peptide, some of the amino acids on the carboxy 
terminal end of the sequence of Fig. 3 will not be present 
xn the fusion protein. When fusion peptides are produced 
by cloning into the Notl/Hind3 site described in Example 2 
the C-terminal 8 amino acids are missing. This does not 
adversely affect the properties of the fusion proteins. 

SZPRBSSION STRAIN 

The proteins of the invention may be expressed in 
either prokaryotic or eukaryotic systems. Prokaryotes are 
most frequently represented by various strains of E. coli 
The preferred host strain is BL21(DE3) plysS, a strain 
commercially available from Novagen Corporation (Madison, 
Wl) However, other microbial strains also may be used 
such as bacilli (for example, B. subtili.) , various strains 
of Pseudomonas, and others. Common eukaryotic expression 
straxns would include strains of yeast, and baculovirus 
expression in insect cells. One possible advantage of the 
invention is that the deposition of the expressed protein 
xn insoluble deposits may allow expression of fusion 
proteins that might otherwise be more detrimental or toxic 
25 to the cell. 



20 



Transformation 

Depending on the host cell used, transformation is 
accomplished using standard techniques appropriate to such 

30 cells. The calcium chloride treatment, such as described 
by Cohen (1972) or the RbCl method described in Maniatis et 
al. (1989) is used with prokaryotes which contain 
substantial cell wall barriers. The preferred host strain 
IS BL21(DE3) plysS, and the transformation protocol used is 

35 the one recommended by the manufacturer (Novagen Corp 
Madison, WI) . 
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Verification of Construction 

After transformation, successful transformants are 
selected by ampicillin (preferred) , tetracycline, or other 
antibiotic resistance or using other markers depending on 
the plasmid construction as is xinderstood in the art. 
Plasmids from the transformants are then prepared according 
to the method of Clewell et al. (1969). The sequence of 
the plasmid can then be verified by standard DNA sequencing 
methods well-known to the art. 

PRODUCTION AMD PURIFICATION OF CARRIER SBfflffiNT 
AND FUSION PROTEINS 

E3q>reBsion/Cell Harvest 

Transformed expression strains are grown in shake 
flasks or fermentors to a suitable density. Then, 
expression of the desired protein is stimulated using the 
appropriate induction protocol. In the preferred case, the 
induction is accomplished by the addition of isopropyl-B- 
20 thiogalactopyranoside (IPTG) , a standard inducer for T7 
expression strains. In some cases, addition of agents such 
as rifampicin, which block the action of the host RNA 
polymerase, may cause an increase in production of the 
desired protein. Alternatively, an expression system may 
25 be used in which the expression is unregulated. The time 
for harvest of cells can either be predetermined, or 
checked by monitoring protein expression in real time. 

Expressing cells can be harvested by cent rifugat ion 
and stored up to several weeks at -70» C before breaking 
30 them and purifying the protein contained therein. 

Purification of Carrier Segment and/or Fusion Proteins 

Since the expressed protein is in general much less 
soluble than the other proteins in the cell, it is 
35 relatively easy to purify from prokaryotic cells using 
standard techniques known in the art. First, the cells are 
lysed by enzymatic or mechanical means in a buffer. The 
preferred method is sonication, although any other lysis 



W 9605249 



PCr/D59Sa4518 



35 



method will work, as long as lysis is cottiplete and DNA and 
RNA are sufficiently fragmented so as not to pellet upon 
centrifugation. Preferred buffers contain Tris buffer at 
pH 7-8, isotonic saline, and dithiothreitol (DTT) to 
5 maintain all cell proteins in a reduced state. After 
sonication, detergent is added to the mixture to solubilize 
most lipids and proteins, and the mixture is centrifuged; 
it is preferred to use a centrifuge speed of greater tha^ 
10,000G for 10 minutes. The desired protein is then found 
10 in the pellet fraction at a high degree of purity. 

Higher purity is usually obtained by washing the 
pellet in a second wash solution, often containing a 
different agent or detergent. Washing is accomplished by 
resuspending the pellet in the fresh buffer followed by 
15 centrifugation as above. The preferred first detergent is 
sodium deoxycholate (NaDOC) , and the second preferred 
detergent is Triton X-lOO. 

After the detergent washes, the pellet can be washed 
either with the above buffer or with phosphate -buffered 
20 saline (PBS) to remove trace detergent, then resuspended in 
a volume of a desired buffer for storage or use in any of 
the ways described elsewhere, including immunization. The 
advantage of the low solubility of the protein is that the 
purification is easy and quick, and requires very little 
25 specialized equipment. 

The proteins purified by the above method are ready 
for use in any or all of the applications contemplated in 
the invention, including but not limited to the following; 
immunization of animals, use as an adjuvant, coupling to 
other ligands, use as a protease inhibitor, immobilization 
on hydrophobic surfaces, use as an enzyme substrate, and 
use in peptide production after cleavage. 
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35 PRODUCTION OF CARRIER PROTEIN CONJUGATES PROM PURIFIED 
CARRIER SECaiENTS AMD DESIRED LIGANDS 

The purified carrier segment either can be used 
directly for the applications described under "carrier 
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segment", or it can be derivatized with a variety of 
ligands described under "ligand" using the strategies 
described below. These include the use of prederivatized 
ligands, chemical coupling reagents, and crosslinking 
reagents . 

Use of Prederivatized Ligands 

In many cases, the linkage of the desired ligands to 
the carrier segment can be accomplished by use of 
commercial derivatives of such compounds which have been 
produced to facilitate the addition of such compounds to 
molecules, such as fluorescein isothiocycuiate, NHS- 
Rhodamine (Pierce Chemical Co., Rockford, IL, Products 
46110 and 46102, respectively.), and Sulforhodamine 101 
acid chloride (Aldrich Chemical Co., Milwaukee, WI, Product 
28,406-8) . Many of these compounds have been specifically 
synthesized so that they react with the chemical groups 
which are found in proteins, such as the amino- terminus, 
carboxy- terminus, the hydroxyl functions of the amino acids 
serine and threonine, in such a way as to covalently attach 
the desired chemical moiety to the protein. The catalogs 
of many corporations such as Molecular Probes (Eugene, OR) 
or Pierce Chemical Co. (Rockford, XL) have a plethora of 
such compounds with known reactivities that can be used in 
many ways to selectively add such compounds to the carrier 
protein. 

One advantage of the carrier segment in this regard is 
that since many reactive amino acid side chains are not 
present, one can obtain a more selective localization of 
the site of ligand addition. 

Use of Chezaical Coupling Reagents 

Another method for the formation of a carrier protein 
conjugate is to incubate the carrier segment and the ligand 
in solution with chemical entities which can facilitate the 
chemical coupling of the two segments without being 
included in the final product. One such method would be 
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through the use of reagents which couple a free carboxylic 
acxd moiety to an amino group. The carrier segment 
described in this invention has a free amino terminus and 
carboxy terminus, and thus can be linked to a ligand or 
peptide through the use of such reagents if the ligand 
contains either a free carboxylic acid group or amino group 
somewhere in its chemical structure. One such reagent 
which IS commonly used to form such linkages is 1 3 
dicyclohexylcarbodiimide (DCC) (Aldrich Chemical Co' 
Milwaukee, WI, Product D8, 000-2) . When DCC is used in such 
a coupling reaction, an amide bond between the carrier 
segment and ligand is formed comprising the original 
carboxyl group and the amino group, with a concomitant 
expulsion of a water molecule. Thus, the final conjugate 
does not retain any part of the DCC reagent that was used 
to create the conjugate. Several different reagents having 
sxmxlar properties have been extensively described in the 
literature . 

20 Use of Crosslinklng Reagents 

Another method for the formation of a carrier protein 
conjugate is to incubate the carrier segment and the ligand 
m solution with chemical entities which can facilitate the 
chemical coupling of the two segments and are included in 
the final product to various degrees. The scientific 
interest in the use of such compounds has resulted in the 
development of many different reagents which provide 
different reactivities and advantages to the user and allow 
the user to select the particular reagent which will be 
30 most advantageous for their particular application 
Reference is herein made to Tae, H. J., et al., (1983) for 
a description of the composition and use of many such 
reagents . 

Such reagents are also widely commercially available 
35 through such suppliers as Aldrich Chemical Co., Milwaukee 
WI and Pierce Chemical Co., Rockford, IL. Examples of such 
reagents include dimethylsuberimidate (DMS) and m- 
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maleimidobenzoyl-N-hydroxysuccinimide ester (MBS) (Pierce 
Chemical Co., Rockford, IL, Products 20668 cuid 22310, 
respectively) . 

If multiple copies of some chemical entity attached to 
5 the carrier segment are desired, but not by attaching the 
chemical moiety to chemical groups which are present in 
multiple copies within the sequence of the carrier segment, 
the user can form such a multiple derivatized carrier 
segment in several way. One way this can be done would be 

10 through the attachment of a peptide segment to the carrier 
segment which has multiple chemical groups which could be 
used for the formation of chemical crosslinks of the types 
described above. For example, a peptide sequence having 
three or more lysine residues in a short peptide sequence 

15 could be attached to the carrier segment. The new fusion 
made above could then be crossl inked to the chemical moiety 
of interest using these three new primary amino groups in 
the structure of the new fusion material and chemical 
entities which crosslink materials to amino groups. 

20 

Uses of Conjugates Other than laimuxiization 

In addition to producing a material which could be 
used to generate antibodies to these chemical moieties, 
there are other advantages to coupling such materials to 

25 the carrier protein. Many of these materials are difficult 
to bind to particular materials, such as the plastics which 
are used to manufacture microtiter plate wells. The 
incO^ility to bind such ligands to these materials in a way 
that allows them to be specifically bound by antibodies 

30 complicates their measurement using techniques such as 
ELISA testing. However, the carrier protein conjugates 
containing such ligands can be readily bound to such 
materials in such a way that the recognition of the 
chemical moiety by an antibody or enzyme is not inhibited. 

35 Thus, the ease of formation of such conjugates and the 
ability of such conjugates to present the ligands to 
antibodies and enzymes allow applications for the 
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chemically coupled carrier protein conjugates beyond their 
use as immunogens . 

1TSB OP CARRIER SEGMENT -CONTAIIIIMO ETTSION PROTEINS 
5 POR THE PRODUCTION OP PEPTIDES 

The present invention also is directed to the 
production and purification of biologically or 
immunologically active peptides using the fusion protein 
10 produced by the combination of the carrier segment and the 
desired peptide. This part of the invention basically 
relies on the combination of the carrier segment and the 
peptide with an intervening, cleavable amino acid sequence, 
which allows for the liberation of the peptide from the 
15 carrier segment using reagents which can sequence- 
specifically cleave protein sequences at peptide bonds. 
The desired peptide can then be easily separated, for 
example, by filtration or cent rifugat ion, from the carrier 
segment, which is largely insoluble in aqueous solutions. 
20 Thus, there is provided a method producing' a substantially 
pure and active peptide as described in the present 
invention. Unless otherwise described, the term "active" 
used alone is intended to mean either (or both) 
biologically active or immunologically active. 
25 The carrier segment of the present invention provides 

the user with two important advantages: 1) it does not 
contain several of the common amino acids that can be 
attacked by sequence -specific reagents to cleave protein 
segments; and 2) the low solubility of the carrier segment 
allows the separation of the carrier segment from the 
released peptide to be easily accomplished in many 
instances. For example, if such a fusion is made which has 
the peptide fused to the end of the carrier segment, and 
the desired peptide does not contain any lysine residues, 
35 then a fusion protein can be expressed with a single lysine 
at the junction of the carrier segment and the desired 
peptide. The resulting fusion protein can be purified as 
described above, and then digested using proteases well- 



30 



suoT:^nxos snoanb^ apnxoux s^usBcaa qons -pajTSsp 
pazTXTqnxos aq cjsaxg tjsnui uxaaojd uoxsng axqnxosux aqx sz 

• aAoqp 

paqxaosap su^aui Buxsn paqsxxduioooH aq pxnoM sxqx 

« 

no-pt^voT^-pana/noTSsaacbca o£ 

'axqxssod ajcB uoxt^oeaj aq:i 50 saonpojcd 
om:^ Axuo :^^q:i os ':iuam6as aaxjcjHO aqq ao apx:jdad aq:i 
aaqqxa ux r^uasaad :iou sx t^cqa spxoB ouxuie aqq jo auo asn 
o:^ axq^axsap AiaA sx :n -saspo Auhiu ux a:ixs aBBA^axo aq:^ qz 
-^iB aoexd o:; qsxM Aaq^ spxoB ouxuiB x^^^^as jo qoxqM Buxsooqo 
50 Ajcnxnx aq:j aasn aq:^ smoxx^ sxqq ':;uaui6as jcaxa^BD 
aq:^ ux Buxssxui spxoe ouxuib aq^ jo qoea saouanbas uxatioad 
30 aBBAeaxo :toj axq^XT^^^ s^uaBnaa aouxs -auxaqsAo 

puH 'pxoB oxqjiedse 'pxop oxuiPtjnxB 'UEqdo:jdAa:^ 'auxuxBae qz 
'auxsAx '(:iaui x^^T^^^^^ ouxme aq:^ aoj :idaoxa) auxuoxq:iaui 
BJiv aaxx^cea paqxjtosap :^uaui6as jcaxaaeo aqq moxj r^uasqB aq oq 
pauBxsap spxoH ouxme aqx *apx:^dad paaxsap aq^ puis ^uamBas 
aaxaaeo aqq q^oq ux 6ux3(obx sx qHq:^ tisaaat^ux jo apx^dad 
aqa puH uxatjojd uoxsng aq:^ uaaMqaq uox::^ounC aq:^ t^B ^uasajcd gx 
sx pxoH ouxuiH ue :^Hqa os uxaqoad uoxsng aqq 30 uox:;aod 
Aiau aq^ Buxpooua apx:;oaxonuoBxxo aq^ suBxsap jasn aq:i 
:iBq^ axdxouxad uBxsap pappn aqq q:ixM 'uoxqoas snoxAaad aq:^ 
ux passnosxp spoqt^aui Aq patieaao sx uxa^oad uoxsng aqx 

noj:)OTtz:)8noo xo:^OB/i oi 

•suox:5nxos 

snoanbc ux A^xxxq^TOs :ta:iBaaB axqBaapxsuoo aAPq XTT** sasHo 
:X8om ux qoxq/A 'apxt^dad paaxsap aqt^ 30 :;sxsuoo pxnoM :caq:^o 
aq^ puH 'snuxuiia:^ AxoqjBO s^x ih auxsAx h q^XM auamfias 5 
aaxaaHO axqnxosux aq:^ 30 :jsxsuoo pxnoM auo .'sapxqdad 
tjonpoad oMq px^T-^ pxnoM uox^oBaa aBHABaxo sxqj. -auxsAx 
aq:i 30 apxs AxoqaBo aq::^ ^'e uxa^oad uoxsn3 aqr^ aAcaxo 
0:1 0 sA-i asBaqoadopua :co uxsdAi^ sb qons ':jaB aq:^ ux umou3( 

0^ 



-TAuaqd SH qons uxsaa otqoqdoapAq ^ aaAO ,ue:,Hu:rsdns 
JO aBessHd 'pa:tTBap st quauiEas aaxaaeo Butuxemaa 
aoea:i 50 T^Aomaa jj -uoxriBOTjTand apT:,dad jo tjae aq:, o:, 
paepue:is spoq,aui Aq paTjT;rnd :taq:,anj aq ubo qoxqM ao 'sx se 
pssn aq uho sasBo Xubui ux qoxqM 'apx^dad aand XTTHxqu«:jsqns 
ux^quoo ixxM uox:»nT08 :iUBqHu:tadns aqj, -Buxi^as ao 
'«ox:,BBnjxaquao 'uox^b^c^txj Aq apnu. aq Xpu. riuamBas :tax:t«o 
paaP:ixdxoa:rd jo x^Aoman -^casn aq, o:, aiq^xxHA^ Xxxp^aa 
su^au. aaq,o ao 'uox.nzxxxqdoXx 'uox:,nTxp 'nox,H:r:»XTjHxp 
'sxBXxHxp Aq auop aq u«o :,ua6e BuxzTXiqnxos aq, 50 x^AouiaH 
■quauiBas aaxaano axqnxosux aq:i a:,HaBdas o, puB :,ua6H 
euTZTTTqnxos aq:, aAoma^c o:, sx paaxnbaa sx ,Hq, xth 'apx:,dad 
uioag t^uamBas :cax«HO aq:^ jo ^xnq aq:, aAoma:r ox' 

nnMites aaT«»0 -loaj epTtjdea 30 uofwvd»s 

•DldH sseqd-paBJtaAaj Aq jo ' (uxaqoad 
uoxsnj aq, 50 ,qBxaM :tHxnoaxou. ux aBu^qo aq, BuxAaasqo, 
sas Xq aaq,xa paao,xuom aq u«o sas:cnoo amx, uox^OHan 
-uxa,oad uoTsng aq, jo xth jo aB^A^axo a,aTdmoo ux ,xnsaa 
Axx«n,uaAa xTT* a.n,xxm uox,oBaa aq, ,0 uox,eqnoux :raBuo^ 
•:iua6Ha;c aq, o, axqxssaooP ao/pue uox,nxoB ux bx uxa,o:rd 
uoxBnj aq, JO amoB 'axqnxoB AxBuxa^ds Axuo ex u;a,o:rd 
uoxsnj aq, qfinoq, uaAa •,ua6Baa aq, q„M pa,Ha:r, aq pxnoo 
OBX^ uxa,oad uoxBHj aq, go uoxBuadsns e 'AxaAX,«u:,a,xv 

•UTs^oad uoTBng uodn 
:»OH o, B,uaBBaa aq, moxxb xtTm qoxqM puP uxa,o:rd uoxbhj 
aq^ aAxossxp xixm qo-pq^ axq^xxBAP aae suox,nxos 'B,uaBH 
asaq, JO TTH xoa ■ ( (o^d-dsY ,B B,no, pxo^ a,nxxp :co ' (d^i 
:»B 8,no) axo,P^s-SdNa ' (,a„ ,b B,no) :caND qoHB 6,ua6Ba:c 
TBoxmaqo ao ' (N-dBV 'o-bA^ 'o-nxo 'o-6:rv saBBa,oadopua bb 
qoHB B,uaBBa. BuyBn) p,o. outu.b paaxsap aq, puoq apx,dad 

BuxAPaxo jo axqEdno B,ua6B ox,BU,Azua ao x^oxuiaqo c 
BnoT«A q,xM pa,Ha., aa« suox,nxoB aq, ',xaN - (pxoB oxuuoj 
%0L 'pxoB 3x,aoB *os) suox,nxoB aa,B«/pxo« oxueBao paxxu, :ro 
'(TA80^«s „ 'sas «) suoT:»nT08 ,ua6:ca,ap ' {apx:roTqooapAq 
auxpxuHHB „ , .^^^^ „ 8ado:r,oHqo 6«x«xh,uoo 



isaast^UT 50 uT9:ioJ:d aq^ ^oa^ojcd TTT^ 'uxaqoad uoTsng aq^ 
uioaj paandaad 9pT:5dad ao 'uxaqoad uoxsnj sx^•^ jo uoT:iTppv se 
•a5BAH9XO ssHS-^oad go 9:^X8 at^HuixxoaddB aq:^ Buxutrede apx:;dad 
B suxB-iiuoo qoxqM aaxiaea paqxaosap spoqr^aui Buxsn uxa::iOJd 
uoxsnj JO sax^x^unnb bBjlisx a:^Haao uho uaqq auo 'iiMOtn[ 
sx aqxs aBeAeaiD jo uox:iHOoi a:;HUixxojddB aqtj ji 

'XT^^ SB aiBDS aaBaBX :iB asn o:; aAxeuadxa oe 
ua:ijo aJCB squaBB qons 'uoxqxppB ui -paaxnbaj: sx sao:ixqxqux 
axdxr^XT^^ Buxuaaaos 'sasBatioad XT^ ?o uox:^ob aq-q ^^^oxq 
Axx^3 UBO aoqxqxqux axBuxs ou aouxs -sjot^xqxqux asBaqojd 
ppB oq sx aBBABaxo :i(ooxq o:x Abm x^^sn aq:j 'sa:^xs oxjxoads 
-^v paABax^ Axx«^5T^T09^0'^<i 02 paAiasqo sx iimou3( sx sz 
aouanbas asoqM uxaqoad paaxsap b ji -saoqxqxqux asBat^oad 
oxjxoads JO uoxt^onpoad aq:j sx asaqq jo auo -axq^MOXX^ 
sx ::juamxpoquia aaq:4xa qoxqM ux suox^BOXxddB Maj b a:rB aaaqx 
'^T uioaj paAOuia:c jlo apxqdad pajxsap aq:; o:j paqoBq^B tjjax 
j:aq:jxa qsaq sx quauiBas aaxjjcBO aqi uxajiaqM suoxaBoxxddB oz 
JO aaquinu b a:cB aaaqq 'passnosxp AxsnoxAaad sv 

sjiNaiVAinOa aaixasd sv saxTOnrNoo KiaxoHd hsih^ivd sasa 

•Axaqaxdmoo papxoAB sx uiaxqoad sxqa os gx 
sdnoaB asaq:^ sppB jtaAau uoxquaAUX jo poqqam aqj, 'sxsaqrjxiAs 
aa:;jB spxoB ouxuiB jo uoxqoaqoadap aqaxduiooux aq oq 
pauxuLiat^ap sbm sxqi jo asTiBo joCbui aqj, * (3661 ' ' 5^ T'V 
*q^Tms) sxsaqtjuAs aaqjB paxjxjnd a:caM sapxqdad aqq uaqM 
uaAa ':iuauoduioo joCbui aq:^ sb apx:idad paxjxpoui b pauxB^uoo oi 
pa:;sa:; sapx:»dad aq:i jo %09-0S -'uoumioo Axauia:r:;xa aaB 
sapx:)dad Dx:;aq:;uAs jo suox^BOxjxpoui uxBqo apxs snoxja:jaxsp 
:;Bqq paqBOxpux saxrjxxxoBj a:ioo ABoxouqoaqoxq jo :;sa:; 
quaoaj Y •suoxtjBoxjxpom uxBqo apxs snoxaa:iaxap suxb^uoo 
apxndad paxgxjcnd aq:j aouBqo aaMox b sx osx« aaaq:; s 

puB 'sjcazxsaqquAs apxqdad o:; ssaooB paau qou saop aasn 
aqq :iBq^ sx qoBOJddB sxq^ jo aBB^UBApB x^T^^^^s^® V 

•uoxqoBaj qfinoaqq-MOXJ ^qi ux 
apx:)dad aq:; BuxABax ':;uauiBae aax:caBO aq:; aAomaa Ax AXioax^s 



we UT pssn pue pszTxxqouiuiT aq pxnoo suxeuiop sssii^ jo 
auo su-cequoo pueBxx qoTqA ut stjcBnCuoo uxaqoad aexxzEO 
V -suTBuiop uoTqoBaa:m-t uxaqoad-UTsqoad oxg-roads qEnoji{:i S€ 
jaqqo qoE3 qiXM qoBJ3:)ux suxaqoad jo jaqnmu sBaBX V 

• Ctm 

'uosxpBW 'djoo BBauioad ':^x^ aBireqojstjui ) 3Uxod 6uxqaB:}s oc 
B SB JoqoGA axBuxs B Buxsn a:ixs axBuxs b ^b spxoB ouxuib 
paufjsp quaaajjxp x«-i9Aas aqntjxqsqns ubo qoxqM suiaqeXs 
uoxssaadxa uoxssajddns aaquiB Buxsn Xq jo 'qjB aqq oq uMotD{ 
spoqqaui qSnojqq saouanbas pauoxo aAjqBuzaqxB BuxaBdaad Aq 
jaqqxa 'paqsaq puB pajBdajd XxxpBaj aq Abui aouanbas apxqdad sz 
UMOU3( aqq uo squBxjBA qsqq sx saxpnqs asaqq jtoj paqxaosap 
uiaqsAs aqq 50 aBBquBApB XBT^as^od xeuoxqxppB au© 'saxpnqs 
qons aoj pasn aq Abui apxqdad paqoBqqB-quauiBas jaxjjBo 
JO aajg aqq aaqqxa 'uxbBy uxaqojd puooas b 30 uoxBaj 
paqoaxas aqq qqxM sqoBzaqux qaxq« uxaqo:td b jo aoxBaa b qz 
Xxxensn sx apxqdad paqoaxss aqq asBO qoxqj* ux 'suoxqoBaaqux 
uxaqo:td-uxaqoad jo saxpnqs ux pasn Buxaq ajB AxBuxsBaaoux 
sapxqdad 'Axjbxxuixs -saqBxd jaqxqoaoxui uj sAbsbb 
BuxdoxaAap ux saBequBApB aABq Abui qoxq/* 'sqjoddns pxxos 
oq paz-pxxqounux Buxaq 50 axqsdBo puB axqnxosux AxxexquBqsqns gi 

TTT« sapjqdad aqq 'paqoBqqB quauiBas jtaxxaEO aqq 
qqxM -sauiAzua qons jo Apnqs aqq ux pasn Axx^oxdAq sAbssb 
pjBpueqs aqq 30 XT^ OT pssn aq ubd sapxqdad asaqq 'paAouiaa 
quauiBas jaxajBo aqq qqxfi -aacxx aqq puB 'sasBpxsooXxB 
'sasBiBqdsoqd 'sasBUX3( sb qons 'suxaqojd 30 sufBqo ap-ps OT 
pxoB ouxme Xgxpoui XxquaxBAoo qBqq sauiAzua aoj saqBaqsqns 
SB sx saqBBnCuoo uxaqojd jaxjjBo aqq 30 asn aaqqouv 

•AxsnoxAajd paqou spoqqaui aqq 
30 AuB Aq axqcAomaa AxxsBa aq uaqq XTT** :iuaui6as jaxaJBO aqq 
BuTUXBquoo quauiBBaj quB^xnsaa aqi -saq-ps asBaqojd 30 ssaoxa 
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aq:^ q^T^ uoT:iHZTunuiuiT aq^ 'uoxi^xppB ui -Buxuaajioe Ajtisoo 
ssai aaojaaaiia puB ssaoons aauBxij ^ moxih p^noqe sxqi 

'saxpoqxqup x^^oT^o^oui jo bsiso aq:^ ui -^uauiBae jlbtxxvo 
at{:i uisq^ jaq^M :isa:ca^ux jo spu^Bxi aq:; :|suxh6h pasxna 
aq XTT^ saxpoqx:iuB aqa ^^q:^ Aja^txx a:coui sx 2J 'aouanbas 
jaxaano aqa 30 ajn^BU oxuaBxque mox aq:; jo asnnoae 
• :;aH aqq umou^ spoq:iaui Buxpjcooop sx^^uixue :isoq 

ux paonpoad bjlis saxpoqx:;uB x^^oi^^^TO^ puB 'sxx^^^ HuiopxjcqAq 
Aq paonpoad aan saxpoqx^uB x^^oi^ououi aqx 'X^^OT^o^o'^ 
JO x^uoT^-'^Tod Asm saxpoqx:;uB aqx -saxpoqxrtuH 

go uoxt^eaauaB aqq joj uaBounuuux ws sis pasn aq pa^dnpB 
sx :4T X^^J^sn sx osx^ uox^uaAUX :;uasa:[d aqx 

soTpoqT^ixv JO uo-p^onpoja 

sxNao^faH oiooaoiiaKNi 
sv saj^vDOTNOo KiaxoHd HaiHHvo JO sasn 

• q^oaB 

JO a^iB^s oxjxoads h ux sxx^^ adA:; TI^^ oxjxoads e 

oq puxq AxaAXtjoaxas oq pa^depe sx pueBxx aqa 'a:iaH 'uxsaj 
oxqoqdoapAq h aaAO afiessHd Aq paMoxx^J aqeBnCuoo aq::^ 50 
uoxqnxos aqnxTp ^ M^T^ ^TT^^ Buxxxui Aq jo 'a:5B6nCuoo aq:; 50 
uoxsuadsns auxj e qqxM paxxuioo sxx^^ JO Buxx^^as 'aqpBnCuoo 
uxaqojcd jcaxaara aqq q:ixw paqcoo aoBjans h aaAO sxx^^ 
go aBBSSEd Aq aq pxnoo sxqx •uox:qHx^<Iod paxxm h uiojj sxx®^^ 
pa^BOxpux aqq a:^HaBdas o:; pasn aq riqBxui sa:ip6nCuoD uxai^oad 
jaxaaeo 'sjo:;daoaa asaqq aog UMOui{ sx punBxx oxpxqdad b jj 
•oxqsxjcaao^^^qo Jaqqo jco 'uoxqexquajaggxp 'uoxqGaajxxoad oq 
:X0BdsBJi q^T^ sn:;p:is jxaqq go aAx:;poxpux aae qoxqM saocgjns 
jxaq:; uo sjoqdaoaa ABx<Jsxp sxx^^ amos 'Axx^^Td 

fitrf:)jos TI»0 tif esn 

•pazxxxqouiuix pun 'paxgxand 'paonpoad 
AxaAxsuadxaux puc AxTsea aq ueo aouanbas apx:jdad paaxsap 
aq:; go saxqx:;uHnb aBanx ^nqq sx aBesn sxq:; ux aBB^UBApB 
aqx *:;aB aq:; oq xxmou3( XT®** sanfaxuqoaq Buxsn Aaeaqxx 
AHxdsxp apx:;dad e go Buxuaaaos Aq paxgx:;uapx uaaq seq pasn 
apx:;dad aq:^ aaaqM asco qt) ux pasn aq ueo osxh poq:;am sxi[x 
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sc 



oe 



sac XTxeoTdA:i suaBT^tre 'uoT^onpoad Xpoqx^uB ui -apx^dsd 
puB qusuiBas asxaaBo u aM:iaq auaui6ss aBBAcaxo 

c paau qou saop uoT^onpoad Xpoqx^UB aog uxaqoad uoxsnj 
Y -puBBxi aqq puB quauiBas Jaxjaeo aq^ go uoxtjeuxquioo aq:j 
Aq pa:jBaao ajB saqeBnCuoo uxaqoad aaxaaeo paaxsap aqj, 

•uoxquaAUX tjuasajd 

JO auauiBas JiaxajCBO oxjxoads aq^ o:» pasn? sx pueBxt aq^ 
jx apeui aq ubo pucBxi Aire XpoqxquB ub :iBq:» sx uoxquaAux 
sxqq JO ArnaAOu aqj. -puBBxx aq:» o:> saxpoqx^UH aonpoad 
TTTM qoTqw TcuixuB tisoq b o^ux aijBBnCuoD uxaqojd jtaxjtaBO 
:jUB:nnsaa aq^ Bux:joaCux puB puBBxj Xtre Buxsnj 'tjuauiBas 
aaxjjBO oxjxoads aq:j 6ux3ib:j Aq saxpoqx:mB 50 uox:jonpojd 
aqq paqoaaxp sx osxb uox^uaAux ^uasaad aqi 

• (9Z.6T 'riTS^ffrrw 9 JSFfoif) parioaTas aq ja:igBaaaqq 
Abui sttso Buiopx:cqAq BuT^aaoas Aia^Bxadoaddv -xtso 
jouin^ B q:jx« xbuixub pazxunuiuix ub uioag sixao ubBjo pxoqdiuAx 
Buxsnj Aq paaBdaad aq Xbui uaq:» sxxso BmopxaqAn 

•saxpoqx^uB xbuoxoououi treuinq jo uoxtjonpojd 02 
aq:i arjBqxxxoBj Abui sxqj. -uaBx^uB jo suuog jaq^o q:ixM uBqtj 
AxTPeaj aaoui paAaxqoB aq ubo uox^Bzxxniumix oj^ta irx 
^Ts^TT 9^oui sx ^x 'aaojaaaqj. -aan^BU ux ijuaxBAAxod aas 
suaBxriuB a:iBxnoxqaBd aqx -uoxnuaAux aqq q:,xAi aouBpaoooB 
ux sxxso BuiopxaqAq Aq paonpojd 'xeuoxoououi ao (cixqqBj b 
oqux suaBxtiuB BuxtioaCux Aq axdmBxa joj pauxB^qo) x^tcoxoAxod 
aq Abui saxpoqxquB aqi -oxuaBxtiuB aaB qoxq« uoxquaAux 
aqa JO saxoxqjBd :jsuxb6b pasxBa saxpoqxquB jo uox:jonpojd 
aqq o:i paqoaaxp jaqqanj sx uoxquaAux :;uasajd aqj, 

•adAqosx OT 

Apoqx:juB paaxsap aqq jo quamqoxaua aoj smoxxb qDxqM adAqosx 
Apoqx:iTiB saouanxjux uaBoununux jo asop aqq ABoxouqoaq 
sxq:» Buxsn 'jaAoajcow -as^xci ApoqTr^UB xsuoxoAxod XHT^xtiT 
rjsaq aqq ^:^x^^ xbuixub aq:; Buxsn saxpoqxquB xeuoxoououi 
aifBui 03 paaooad puB 'sxbihtub tjsoq o:iux qoafux 'uxaqoad g 
paaxsap aqq go st^uauiBas puBfixx :iuaja53xp Buxutb^uod 
sa:>BBnCuoo uxaqoad aaxojtBO XHJSAas aiBdaad pxnoM quauixaadxa 
UB 'snqj, -pauTjapaad sx ApoqxquB xeuoxoououi :>uB3xnsaa 
sqq go ado:;xda aq, :;Bq:i ux suTa^oJd aAj^Bu go uoxqoafux 



ST 



s» 



sTUi -aeuodssa sununuT x^J^sn e :itotx9 0:1 :juaTDT5}ns aae 
ua6ounuHUT jo s^xmouiE uihjBtxxT^^s 'SAoqe psssnosxp sy 

•ui3:isAs OT:iPnduLAx SZ 
aq:; ut uoT:^HUT:isap s^x 0:1 pa^aodsuHJc:^ aq o:^ usBounuiuix 
aqq Buxsneo uoxBoa ux uox:^b:;xjj:x aq^ jo ssTiBDaq 

::ioBaa::jux sxx^^ aunuimx aqi -uoxBaa aq:; ux sxx^^ JO suoxr^oe 
aq:^ Aq pue BuxqoHax Aq uox:ioaCux 30 quxod aq:; uioaj pas^ax^J 
aae suaBxt^uB aqi. -apou qduiAx x^^oT^^-^ uiHaa:ispooxq OZ 

aqq qBnoaq^ pat^aodsuBa^ ajH puH uoxqoa Cux 50 :juxod 
aq:j uioaj qoeax sua6x:iuB 'aaAaMoq 'Axx^^P^^O 'uoxi^oaCux 
JO qods aq:^ -^is sxixHuiaa sat^eBnCuoo uxa:;oad aaxaano 
aq:i 50 AaxaoCEui aqa 'Apoq x™T^^ o:xut pa:ioaCux bxjb 

suaBounuimx uaqM •:auBAn(:pB x^^OT^TPP^ ^o? paau aqa at^BXAqo sz 
o:j A:^xAX^OH ::iUBAnCpH oxsuxa^ux :iuaxox33ns seq uox:;uaAux 
^uasaad aq:i 'aaAaMOH -uoxrjoaCux 30 a:^xs aq:» uaBx:;uB 
aq:^ dHJ[:5ua puB aeuodsaa aunuiuix oxgxoadsuou aqq aouBqua 
s^UBATiCpB ux papuadsns ajB suaBoununux 'Axx^^^n 

•ma:isAs aunuiuix aq^ a:^BAx:^oB oz 
UBO -^T ajogaq uaBoununux aqa Aoa^sap ^^ou op qoBmo:is aq^ 
ux sauiAzua aAxt^saBxp aq^ uaqM saDUB:ismno:cxo auios ux pasn 
aq UBO 'qqnoui aqq qfinoaq^ '-a'x 'uox:iBaasxuxuipB x^^<^^^d 
-AtjXABO x^^^o^T-^ad aq:^ or^ux '-a'x ' (dl) Axx^^^o^T-^^^^^^^T 
:io .'uxaA aqq ot^ux "a-x ' (AI) AxsnouaAB:r:4ux sx 
.'axosnm aq:i o:;ux '-a-x ' (wi) 'Ax^cexnosnuiBJ^ux .'ux^s aq:i 
q:;Bauaq '-a-x ' (dS) AxsnoauBqnoqns iux:i(s aq:^ ot^ux aouB^sqns 
aqtl BuxtloaCux Aq '-a-x ' (ai) Axx^ui^sp^-^^^T paxjcaBO aq 

UBO uox:iBaasxuxmpB xTS-^a^u^-^^d • Axx^'^9^ua-^^<3 paaa::isxuxuipB 
aq UBO aAoqB paqx:rosap sb paaBdajcd suaBoununux aqx 01 

paa sa:»a5iifi20D uja^oaa :caTuaD (BuT^oafnx) 5tiTa8:)8-FXxpapY 

'XTBiii™^ r^uaxdxoaa aq:^ o:;ux pat^oaCux 5 
uaq:^ ajCB uxa^oad uoxsnj aq:i go stjunouiB uiBa6xxXT*^-q[ns 
*dx3q TT^^-tL ^T^^TT® paaxnbaa sx ^uauiBae jaxaaBO aq:> 
'qoBg ui -rjuamBas aaxjc^BO aq:^ uioag apx:^dad aq:i a^BJBdas o:; 
paau ou sx aaaqq oe 'aoB^ux x^T^^ ^soq aq:i o^uj patjoaCux 

9^ 
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':iBO 'Bop 'asnsiuHq 'nvx 'qeoB 'asnoui 'qxqqea "B-a 'uia:»sXs 
aunuiuiT a:iBaqa3aaA Awe 05 paaa^STUxiupB aq o:j patjdepB aq treo 
a^HBnCuoD UTa:»oad :ra-c«BD aq^ ut tjuasaad puBB-pi aqx 

•auTXHs 

IHO-cBoxoTsXqd aajj-uaBoxAd axxaatis sh qons ' tiuaTdxoxa 
atqetldasoB AixHOXfioioxsAqd e puB aAoqB paqx:tosap aafioununux 
a:iBxnoTqaBd b sasxjduioD auxooBA aqx -aouB^sux aoj 
uxxo:» X«3uauraoaxAua ub uioag puBBxx b jo ^uaBs snox^oagux oE 
UB JO uaBx^uB UB 50 aouanbas pxoB ouxuib aqq jo uox^aod 
B uxb:iuoo Xbui a^BfinCuoo uxaqoad jaxajBo aqq 'asBo sxq^ 
ui • sauxooBA go uoxriBaBdaad aq^ ux xngasn aq Abui uox^uaAUx 
aqq q:jxM aouBpjoooB ux pajBdaad suaBounmuix aqx 

'XHuixuB :isoq aqtj oaux paqoaCux 
uaq^ ax xaxdmoo aqtj puB 'uaBounuaux pajxsap aq:i q^xM 
paxxui XxsnoaoBxA sx quauiBas uxa^ojid jaxjaBo jo uoxsuadsns 
aqnxTP b 'asBO sxq:i uj -paqoB^qs Xx:iuaxBAOo uBqq qz 
jaq:jBa paxxmps sx qoxqM puBBxx « uo srjoagga asaq:i :i:taxa Xbui 
osxB tmauiBas :iaxajBo aqx -puBBxx paqoB^qB aqq aoj quBAnCpB 
UB SB puB 'puBBxx aqq aoj dxaq XT^^-J. :iT3TT9 o:i jaxajBO b 
SB s^oB ^uaiuBas :caxjaBo aq:i 'passnosxp XxsnoxAajd sv 

•Buxmnsuo3-auix:j jlo nx^'fJJW ST 
AxxHoxuqoaq sx uox^BjiisxuxuipB afiBSop uaq« saBB^UBApB 
quBoxjxuBxs aABq ubo sxqx -puBfixx aq:j o:> asuodsaa 
aunuiuix x^Jouinq qsnqoa b Bux^totTS "T aAXtjoagja aq 
UMoqs uaaq SBq osxb uaBounmuix 30 Bri OOC 30 uoxqBaqsxuxuipB 
axBujs B 'uoxquaAux sxq:i jo saqBBnCuoo uxarjoad jaxajBo oT 
aq:i aoj a^BxjdoaddB ajB sxbuixub qsoq quaaajjxp ^103 :iaB aqtj 
o-^ UMou3( saxnpaqoa uoxtjBzxutiunux XB««ou aq:j qBnoq:ixv 

•^JB aqq 0:1 UMou3[ spoqtiaui 
XBUOxrixpBaq Xubui Xq uBq:i pajxnbaj uaBoununux aaa3 :niBAnCpB 
50 aunouiB aaMOx qonm b s:masajdaa sxqq 'spuBBxx :»uaaa33xp g 
JC03 Xjba Xbui aBuBJ aBBSop aa«ox aqq qBnoqqxY -^UBAnppB 
30 aouaeqB aq^ ux asuodsa:r aununnx x^Jcomnq :jsnqoa b ^xajxa 
o:j UMoqs uaaq aABq a^sBnCuoo uxa^oad aaxa:cBo 30 Brf oT sb 
ax^qxx BB aaASMoq 'spoq^aui aaqqo Xq pajBdajd suaBounuauT 30 
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oq punoq AxT^^T?T^^^s 9ABq qoxqM suxat^oad aqq Buxtinxa uaqi 
puB :;aoddns pxxos 3q:i Bux^sem Aq sxBxaatjBui punoqun BuxAOUiaa 
'UTBBJi uo punoq Apoqx:iTC oq uxsqoad t^aBaeq aqq 

Buxuxnauoo uoxqnxos aptvio b Bux^nqnoux Aq suop sq ubd sxqx 
•uox^HZxunumix xoj pasn apx:;dad aqq Aq papooua aouanbas 
oxuaBxquB aqa suxb:iuoo qoxqw uxarjoad ain jo uox^BOXjxand go 
axqedeo xxatjem uoxtjBOxjxand Aqxuxjgn uh apxAoad o:^ tjaoddns 
PXXOS IB o-^ paxdnoo aq ireo uaq:^ saxpoqxiuB paxgxznd aqx 

'-^jiie aqq ux umou5(-xxs'* sanbxui{oa:4 uoxtinxa 
Buxsn :^aoddns aq:^ uioaj paseaxaj aq ubo uxhBe saxpoqxr^u-e 
asaqx 'uxat^oad uoxsng aq:i oq puxq qoxqw saxpoqxquH 
oxgxoads aqq go aanqdeo moxx^ Apoqxnue apnao aqq 

qqXM paijequoux aq tnso ::iaoddns pxxos aqtj puB :i:LOddns pxxos 
TS o:j pa^uxx aq ubo uxaqoad uoxsng aqq 'AxasaaAUOo 

•:jaB aq:i oq tiMou^ suxsaj oxqoqdojcpAq 
qtjXM qoer^uoo gaxaq Aq paAOuiaj aq ubo uaqrj axqnxos sx qoxqM 
uxaqo-id uoxsng go tiunouie xT^^s aqi -saxpoqx^uB pasBaxaj 
aq:i BuxAOUia:c puB saxpoq uoxsnxoux aq:i 6ux:iaxX9d uxbBb Aq 
saxpoq uoxsnxoux aq:^ uioag pa^BJBdas aq ubd saxpoqxquB asaq:i 
puB 'qjcB aqq ux urtOU3(-xx®*^ suoxqxpuoo Buxsn pat^nx^ aq uaqti 
UBD saxpoq uoxsnxoux aq:i oq puxq qoxqM saxpoqx:iuB oxgxoads 
aqx -uxaijoad uoxsng aqq oq puxq qou op qoxqM sauauoduioo 
mnjas puB saxpoqxquB aqq go XT^ saAouiaa ssaooad sxqx 
•paqsBM puB saxpoq uoxsnxoux pappB aq:^ qaxx^^i oa unds aq 
uaq:^ ubo uoxqnxos aqx -puBBxx :iaBjB:; aqq oq suox^BJBdaad 
ApoqxtlUB apmo q:iXM paxxui aq ubo uxaaojcd uoxsng aq:) 
go pasxaduioo saxpoq uoxsnxouj •uxa:ioad uoxsng aqq Buxsn 
saxpoqx:iUB Agxjcnd oq pasn aq ubo spoq:iaui auaaaggxp omx 

so-FpoqT^itV AjfOTid a^vBnpuoo tzTat^oad xbjjljlibo go sasn 

•uox:)onpoad Apoqx:iUB 
:iog aAoqB passnosxp asoq:^ moag aaggxp Abui uox:ibuxooba 
jcoj uamxBaa x^uij^^o aqx *:;uamBas aax^aBO aqq q^T** puBfixx 
AuB Axx^^^-^T^ auxquioo oq uox:iuaAux :)uasa:cd aqq go adoos 
aq:i uxqqxM sx :ii -suBiunq puB sBxd 'ua3{oxqo 'daaqs 'ax^^BO 

8^ 



psTjTjnd ^1^J^^ ps^BOO ©jib ss:»BTd aa:jT5oaoTui aqq 'AiiBOxdi^j. 
•susTA^nqy^Tod puB su9iXxiqaAxod '9U9aA:jsXTod sb qons se 
sasuiAxod uoqjBoojpXq apnioux s:iaoddns qons aoj sxH-cas^Bui 
iLiBidiu9xa -s^aoddns pttos go uoT^dxaossp b joj 

aousjagsa UTsasq ps^BaodjoouT sx qoxqw -je Bujizog 
0:1 69L'ZZZ'S :iU3qEd -S'fl ux ptmog sq ubo sqjoddns pxios jo 
ssTduiBxa -3^6 aqq 03 uMotn(-xxaA ajB sXbssb aqit ut pszxxT^n oe 
s:jjoddns pxxos -sstTX aq^ puB sauBaquiaui 'sacox^sdxp 'sxxsm 
aqBxd jatix^oaoxiu 'saqnn nsaii sb qons s^joddns pxxos 30 
AqaxaBA b o:iuo paqjospB aq ubo 'puBExx puB quauiBas jaxJUBO 
30 uox^Buxquioo aqq Buxsxaduioo 'atjBBnCuoo uxa:>oad jaxaaeo 
aqj. -sAbssb ox:jsou5Bxp ux asn zoj s^uaBBaa oxqsouBBxp 30 sz 
uoxaonpojcd aqq ux xnjssn sj osxb uoxquaAux auasaad aqj, 



OZ 



•Xood XpoqxquB x««OT3-'tTO<5 
B uioa3 saxpoqxquB ^^ne 30 uoxqBxosx aqa BuxA3xxdmxs 
Aq jasn pua aq^ aBsquBApB JcaqqouB sapxAoad uoxquaAux 
quajano aqq 'iCpoqxquB ire qons saonpo:id qoxq« aojnos 
XX90 XBUoxoouoni b 30 uoxqBxosx jaq3B Ajuo paqBxosx Axx^ou 
ajB saxpoqxquB qons aouxs -suoxqxpuoo pxxm japim uaBxqire 
aqq uioag aqBXoosexp qoxqM saxpoqxquB asoqq Xxuo XxxjBuixad ST 
uxBquoa XTT« Tood ApoqxquB pasBaxaa aqq qsqq aansua XTT* 
sxqx -uxaqoad uoxsng aqq 010^3 ApoqxquB aqq aqBXoossxp oq 
suoxqxpuoo „asBaxa:t 5308.. aqq Buxsn Aq uaBxquB aqq oq punoq 
xood ApoqxquB x^iioq aqq U10J3 paqBXOsx aq ubo asaqx 

•suoxqxpuoo „asBaxaa 3308,, sb qt 
uMou3( suoxqxpuoo pxxui XxaAxqBxaa aapun asBaxaa qaqq uxsaa 
^^T^TIJTS aqq 30 uoxqBjanaB ^03 pssn aq pxnoqs saxpoqxquB 30 
uoxqoBa3 Axuo 'ajo3aaaqi -AqxAxqoBoxq sqx uxBqaa oq 

qsajaqux 30 uxaqoad aqq ^03 qsaBq ooq aq Abui spuBBxx ^TS^^J 
U10JC3 saxpoqxquB qsoui asBaxaa oq pasn aaB qoxq« suoxqxpuoo s 
aqq 30 auios 'asBO b qons uj -uTsaa aqq 010^3 uxaqoad aqq 
30 asBsxa-i sqa Buxanp ujaqoad aqq 30 AqxAjqoB x^oxBoxoxq 
aqq uxBqaa oq snoafiBquBApB sx qx 'ujaqoad b sx x^T^sto 
BuTO-pBquoo puBBxx aqq gx 'uoxqBOTxddB ire qons uj 
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uxsqojd/uxarioad 50 saxpnijs ux asn aoj puc vsna 
pu« 'sAHBSBOunuiuix '(031) Aa^sxuianooaAoounuimx '6ux:i:iOT:a sz 
taaas3M se qons sanbxuqosq uoxao^iap 'BuxddBui ado^xds 
'uoxqeoxjxjcnd uxatjoad Buxpnxoux ssnbxmios:! jo Ai^bxxisa 
apxM B ux 3sn aoj saxpoqxtiUH oxjxoads uxa:>oad/apx:id9d 
Bux^BUi Axqpxx^J ptiB sa^BBnCuoo uxa:^oad jaxajBO 6ux:^hj3U96 
xoj Bjq;B:^xns bjlv st^x^ aqx -p^qxaosap sssooad aqa bzxxt^t^ 0€ 
qeq^ sax:5( 0:1 pa^osaxp sx osx^ uox:iuaAUX r^uassad aqx 

sxi:i 

• suox:;xpuoo 

XBULiou aspun wevi'^ Xx^oxnb Bxom qonm sppui sae ssxpoqxriUB sz 
:iuanbasqns puB sa:^B6nE:uoo uxa:io:td jlbtjljl^d jo uoxtjBOXjxjnd 
puB uox::|onpoad :^Bq^ sx exq^ sBb^ubapb aqj. 'pat^Bxduiat^uoo 
ajB osxB sjot^daoaa axqnxos puB 'saxpoqx:iUB x^uoi^^T^cE 
'saxpoqxquB x^^^xoououi h^xm uox^BUxquioo ux pasn uox:iuaAux 
^uasajcd aq:^ jo ssaoojd aq:i Aq apBui saqB5nCuoD uxa^oad 03 
aaxjaBD ao/puB saxpoqx^UB aq:i uxaaaqM ssaoojd vsiia u\f 

sAessTOimnzisi go sadAx 

•sqdBaBBJBd 6UXMOXX05 paqx:tDsap 
aaB qoxqM 50 aiuos 'ti^B jBxnoxtjaBd sxqa ux a6paxMom( gx 
qqxM asoq^ jo adoos aq:^ uxq:ixM ajB uox^uaAUX r^uasaad 
aq:j go saqBBnCuoo uxa^oad jlbtxxiso aqti q^T^ ^sn xoj axqB^xns 
sAbssb jcaqqo "eaxpoqx:^uB qtlXM suox:^OBaa uox:iBUx:^nx66B 
aoj x^J^sn aaB osxb sa^BBnCuoo uxa^oad jaxJCJBO 
jBxnox^aBd 'P^TJT^^^^ sx :^aoddns pxxos aqq uo ua6x:^uB ox 
jcBxnoxt^aBd spuxq qoxqM Apoqx:iUB pax^Q^T 50 ^unouiB 

aq:i puB ':^:toddns pxxos b uo a:iB6nCuoo uxa^ojd aaxJCJCBO 
aBxnox:^aBd aq:^ q^T'* patjoBaa AxaAx^x^admoo sx Apoqx^uB 
paxaqBXoxpBJ xo auiAzua ^uaosaaonxg b puB a:iAxBUB aBxnox^aBd 
B o:x Apoqxt^uB BuxABq 50 paqoadsns axcQuBS r^saa b 'axduiBxa q 
jiO£ 'sasn go A^axaBA b aABq s:^ua6Baa ox^souBBxp aqx 

•uiaqrj a^ni^dBO o:^ pasn aq pxnoo sa^BBnCuoo 
uxa^oad aaxajBO aq^ jcog oxgxoads saxpoqxtiUB x^^oT^^o^oui 
q^xM pa:;BOo uaaq aABq AxsnoxAaad :;Bqq sa:»Bxd aa:ix:^oaoxui 

OS 
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pua UE axq^ua o:^ sxqe^Tns aae asn aoj suoxr^oai^sux aqx 

e uo Buxpuadap pax^HA aq ueo s^xjf aq:i ux squaBBaa snoxaBA 
aq::^ jo eaunouiB aqj, • sax6oxouqoa:i auaaano Aq paonpojd :^Bita 
UBq:^ jca^t^aq ao oa axq^^^duioo asuodsaa ox^^^T^^ aonpojd 
01 uxa:ioad jcaxojiBO puooas ao rjuBAtiCpB ub t^t^oq^xM sx^T^^ 0€ 
o^ux paaoaCux aq pxnoo uxa:vojcd uoxsnj paonpoad atm 'Axx^^PI 
•:4saaa:iux jo aouanbas apx^dad aq:| or^ Buxpuodsaaaoo 
aouanbas VNQ sauoxo aamotjsno aqx 'xooc^ Apoqxt^UB 

Buxqxt^saj aq^ fiuxuaajcos aoj puB '^xqqBa ao asnoui 'ua^oxqo 
B SB qons x^^T^^ asoq b jo uox^BZxtmuraix jcoj Aat^^^'^ SZ 
rjuaxoxjjns ux aoxoqo jo suaBx^UB apxqdad Buxuxb^uoo 
suxaaoad uoxsnj 30 uoxqBoxjx:rnd puB uoxssajdxa 'Buxuoxo 
axduixs aq:^ xoj asoq:^ apnxoux Abui suox^oruc^sux qons 'aen 
s^x aoj suox^oTuc^sux puB :iuaui6as uxat^oad xbxxxvo e Buxpooua 
ao::^oaA aq:^ sapnxoux ^x^ aq^ jo ::juauixpoquia puooas v 02 

• [Z 'ai 

*Oas] Z 'Bxj ux pa^BJc:4snxXT aouanbas pxoB ouxuib ub jlo [x 
*ai *OaS] T *Bx^ ux pa:iBa:isnxXT sb aouanbas pxoB ouxuib ub 
sx ^uaiuBas aaxjjiBo uxaqoad uoxsnj aqq 'Axx^oxjxoads 

• (ar^xs XTS^T^Q^ ouxuib qx 
aq:^ :^b auxuoxqqaui jo uox:idaoxa aq:^ q^T*^) auxuoxqaaui pus 
UBqdo:;dAi::j 'auxaqsAo :spxoB ouxuib Butmoxx^J suTsqo 
apxs paBaBqoun xo .'pxoB oxuiB^nxB 'pxoB ox^aBdsB 'auxsAx 
'auxuxBaB :spxoB ouxmB 30 suxBqo apxs paBaBqo AxaAxqxsod 
:co AxaAX^BBau BuxmoxxoJ ?o Buxqsxsuoo dnoaB aq:i moaj OT 

paqoaxas spxoB ouxuib BuxwoxxoJ ^^l^ qsBax ^b S3(obx 

aouanbas pxoB ouxuib aqq uxaaaqM spxoB ouxuib 59 qnoqB qsBax 
-^B qt^Buax b BuxABq aouanbas pxoB ouxuib axqnxos AxBuxaBds 
'oxqoqdojpAq 'Buxajnooo Axx^jnc^Bu-uou b st t^uauiBas 
aaxajiBO uxa:iOJ[d uoxsnj oxuafixquBuou aq^ 'AxqBaajaJta S 

•asn aoj suox:>om^sux puB 'aouanbas pxoB ouxuib 
axqnxos AxBujaBds ' oxqoqdojcpAq 'Buxajcnooo Axx^-^nrjBU-uou b 
sx qoxqM uoxquaAux quasaad aqq jo r^uauiBas jaxaaBO uxaqoad 
uoxsnj aqq Buxpnxoux aauxB^uoo b sapnxoux qx3{ oxssq y 

IS 



sa^dmBxa aqx 'Suihs sq:^ Buxsn puis But^bui ut itT^s Aaeuxpao 
50 3UO :^STSSH oq puB uoT:^uaAUT :5uas3jd sqq jo saBnt^uBApH 
Bxi:x 9:i«aqsnxiT o:i pa:^u9sajcd aae sax^ui^xa But/aoxioj am, s£ 

saidNvxa 

'AessH UP UT saacpuaui oxjToads 
Bxom JLO auo 0:4 puxq uho qetf^ aouerisqns e aq ubo b^Ax^buis 
uv 'Apcqxr^UH ue sh qons aaqmaui Buxpuxq oxjxoads 'Buxajnooo q£ 
AxT^^^^^u ^ sqsTxa aaaii:^ qoxtiM Jioj Bouie-^sqns Auh aq 
uHo uaBxque aqi, -axduies qsaq e ux patioaqap aq o:; aouB:;sqns 
an:^ ST 'a^Ax^uB xxe paxx^s^^ sauixtiamos 'aaaq uaBxquB aqx 
" suoxqon:c:isux puB aouanbas pxoB ouxuib axqnxos AxBuxjcBds 
'oxqoqdojpAq 'Buxajnooo Axx"nqBu-uou b sasxaduioo tjuauiBas qz 
aaxjcaBO aq:j uxaaaqM 'uxa:io:Ed uoxsnj b qtjxM aauxB:iuoo b go 
s:^sxsuoo :^saa aqj. -axduiBS qsa:^ b ux uxaqojd uoxsnj b 

puxq tiBqn suxa:;oad 50 aouasa:cd aq:i Bux^oaqap ux asn jloj rjx^i 
:^9a:; b oa pa:^oajxp sx t^xaf aqq :co} :iuauixpoquia q:^anoj v 

asn xoj suoxqonaqsuj oz 
•a^AxBUB punoq 50 uoxioa:iap aoj suoxqnxos '£ 
•suxaqoad punoqxin aAOuiaa oq aaggng 'z 
-r^T 02 pxmoq sa^BBnCuoo uxar^oad jlbxxjcibo a^BxadoaddB aq:^ 
BuxABq aqBxd aaqxqoaoxui pauixojajcd b sx tjaoddns pxxos aq:^ 
AxqBaagaad •Apoqx:iUB pajcxsap b q:iXM tjoBaa Axx^^TJT^^cLs gx 
XXT^ qBq:i sa:jBfinCuoo uxa:iojd :iaxaaBO aaoui ao auo oqajtaqq 
punoq BuxABq tjaoddns pxxos b ::iaoddns pxxos "X 

:Abssb auo qsBax ^b xoj quaxoxggns squnouiB ux 
suia:jx BuxMoxxoj aq:i sapnxoux Axx^oxdAq qx5( b qons 'uaBxt^UB 
:tBxnox:4aBd b ^suxbBb paqoaaxp ApoqxtiuB ub jo uoT:^oa:;ap oi 
xoj poqt^aui b aq Abui :^xx aqq xoj quamxpoquia pjtxq:^ v 

• s;cazAxBUB 

pat^BuioanB ux asn aoj s:^^^ qeaq :to s:xj'^ :jsa:i x^tiubui apxAOJtd 
oa uox:juaAux sxqq jo adoos B^2 uxqqxw sx :ji 'a^fxx aq:^ puB 
suoxrixpuoo aajjnq 'aantjBaadmatj 'saanqxxuipB axdmBS/:jua6Baa s 
xoj spoxjad amxq aouBuaquxBUi 'paxxmpB aq 0:1 axduiBS puB 
:)ua6Baa go qunouiB aAxqBxaJ aqa sb qons sjaqauiBJCBd 'poq:)am 
Abssb auo :isBax ^b aog uox:;BJ[:juaouoo :juaBBaa aq:; Buxqxjcosap 
uoxssaadxa axqxBuB^ b t^UBsui sx „ 'asn aog suox:ion:cqsux„ 
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uoTqueAUi go uoTqdTJosaa 9i(q uj s^daosad uBxsap B^z^ ^:^x^^ 
aouepaoooH ut a:tB ^Dx^t^ 'smottoj sb apeui ajaM suoxqeoTjTpoui 
'Z -St J UT paquasaad aouanbas Mau aqtj BuTuBxsap ui 

[9 -ai 

•OHS] (HOOO)- NaOdVlAW OXHOTAdJOY SXOSSISHAW HMSJ-lASiHV 
JViTAHOOdA UU-IVMaOY YAA03!OONI.O K0?5D3iWSYW - (l^H) 

= ST ([3 QI -OaS] e -Bxd 'a:jTs ^nAd) 
uoxqxppe aajfuxxATod aq:, 50 a:»Ts 03 dn aouanbas pxoH 

ouxuiB T-xawasd B^:^ jo aouanbas thuxBtjo aqj, -Tnjssaoons 
SBM uoxssaadxa -pappe aaaM aouanbas pauBxsap 30 spxoH 
ouxuiB TBuoxnxppB LZ uaq« 2nq ' in^ssaoonsun sbm (aasfuxTAiod 
snid 3uaui6as jcaxaaeo) spxoe ouxuib s9 30 uxa^oad b 
BuxqBaao :ib tfduia^iiB :»sax5 v -aiqnTOsux puB passaadxa 
Ax^BT^ aq pxnoM qoxq* atqxssod sb aouanbas apx:idad b 
3ioq8 SB aiBaao 05 sbm :jua5ux aq:i '«oTeq paqxaosap sv 

•pasn aouanbas 

pxoB OUXUIB aqq go uoxtjoaias aqq ux patjTnsaa :iBq, ssaooad 
uBxsap aq:, saqxaosap aiduiBxa sxqx -3 axdmBXH ux pa3ua8a:rd 
a^B Buxuoxo :toqoaA aqq 30 sxxBqap aqx •saxq:tadoad 
paaxsap aqq uxBqqo oq «oxaq passnosxp sb pauBxsapaj 
SBM uxaqo:cd OT auaB aqq jo quauiBB^g b jo aouanbas aqq 
'uxaaaq paqxaosap XqxoxuaBxquB mox :t03 Bxaaqxao aqq paxxBj 
(L86X 'TP ujq 50 poqqaui aqq oq BuxpaoooB) qonaqsuoo 
sxqq aouxs 'uaBxquB qsaq aqq qqxM qou puB uxaqoad uoxsnj 
sqq JO uoxqaod oT auaB aqq qqxM paqoBaa XxBuxuixaqwaaAO 
sqxqqBJt aqq Aq paonpo:td saxpoqxquB aqx 'sqxqqBa oqux 
paqoaCux puB pa:tBdaad aaaM -qi -Qas] uaBxquB qsaq osd 
aqq qqxM uxaqoad OT auaB qoBqux aqq jo suoxsnj qsaj. an sz 
qnoqB qqBxaM aBxnoaxoui jo uxaqojd b Axxbuuou afiBqd jo 

uxaqojd OT auaB sbm uoxqsanb ux uxaqoad BuxqjBqs aqx 

utaqoJd bdxjJtn oao AxiBJn:iBM 

^ uiuajt quauiDtJb- uta:K:'J d L jj^j v uo'tqBaj3 

I sxdiinnca 

•quaqBd aqq Xq paquBaB uoxqoaqoad ao aansoxosxp aqq 
JO adoos aqq qiruixx aexMaaqqo oq Abm Aue ux papuaqux qou ajB 

es 
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aou ajSM AtjTOxqoqdoapAq PT^^ ouxuiB ux ssBueiio ssojcB 
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uopoo SAxqpAaasuoo 
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Hd MOX afijHqo auios 
uxp:^aj 'sAx a:4^uxuiTxa 
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(Buxuoxo) 
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Xousqd Aq poxgxand puH (sxs9joi{doa:;oax3 T^^ BSOX^Bie 

Aq paaotaxuoui) xoqx pu^ xaqN sauiAzus uox^oxat^saa q^T'^ se 

^no SHM (XX22d# :ionpoad 'daoo eSauiOJd) JOt^osA x-xawaOd 

'X^B aOVd SAXti^u Aq psjotixuoui shm uox:ioBaa aqti .'saajjnq 
pjHpu^^s ux xoqx puB xatiN sauiAzus uox:joxa^S9a qtlxM p^unuxati 
saaM soBxxo pazxjsuixp sqa Jo spue aqx -pa^B^xdxoajd 
XOOTq:i3 puB 'xo^sq^i M^T'* p3:*ocj::)X9 ':iq6xtLi9AO p3:;nx3 oe 
AxsAXSsed SBM VNQ ^tauixp aqx 'X^^ apxiuexAaoeAxod aAxrjBU 
%0X ^ uo sxsaaoqdoj::»oaxa Aq psxgxjnd aauixp aqa ptiH paxoo<3 
a:c3M suox:iOP3j: jn OOX p^cHpuB^s sx Jo sqonpoad aqj. '3 oS6 
JO spuooas 0£ paMOxxoj 0 oOL spuooas 0£ 30 Bux^sxsuoo 
saxoAo x^uiaaq:^ se puts 'sx^Aax apx:^oaxonu pun '6w 'aajjnq SZ 
paHpuH:^s 'asHJcauiAxod VNQ bct^xxduiv X^ I 'apx:ioaxsnuo6xxo 
qoisa saxomd os Jo aouasajd aqq ux paqsxxduioooB spm uox^oeajc 
uox:iHzxjauixp aqj, -paxjxaaA aq pxnoo aauixp aq^ ux d^x^caAO 
aq:! 30 AqxaBanux :ieq:i os 'a^xs tbBm anbxun p uxp:»uod 
o:^ pauBxsap shm dHXJ:aAO aqq 50 a:^xs aqx - sapxaoaxonuo6xxo 
OM^ aq^ 50 spua ,e aq:^ 30 d^x-^^-^o dq e h Buxsn '..uoxqoHao: 
jauixp Jtamxjdu h Buxsn aseaauiAxod vNQ b^J. q^T** pazxaauixp aq 
pxnoo Aaq^ leq^ os pauBxsap azaM sapxqoax^^nuoBxxo aqx 

IL 'Ql *oas] sZ 

I. 000 OYO VOO OOY VDV TOY YOO I.VD ViV VYD 000 OVJ. OOO VDO SI 
VOX OVO OOV VOO OVO XOO YOO OJ-L WO 001. OOV 001, 000 0X0. s 

OIXW 

[9 -QI *OaS] /£ 00 YVO OiO 0X0 OXX OYX OXO OOY OXO OYY 
OOY YXO YXO OOX OYY OOY OYO 0X0 0X0 YOX OOO YXO OYX OOO/S OT 

:suBaui pjHpueqs Aq pazxsaq^uAs 
aaaM aouanbas Buxmoxx^j aq:i 30 sapx^oaxonuoBxxo omx 

S 

(€ 'BW JO ZOT 

-SL P« I^-I SYY 30 £1x7:1070x100 anoio) szT XH* JO uoj^mxQ 

^1l^tu.:\moD Jc6^:baA ati^^lao Act sux^tiojd 30 xi6x!>aTtpoJd 

95 



TOOTuaqduiBaoTito oq aouB:»sTss:c go 3,obt aoj saxuotoo 6ut:»9s:j 
pire 'duiB-aa uo BuT^Bxd '{T00Z7# :>onpojd ''IM 'uosxpew 
'•djoo BBsuiojd) 60TWr UTBjqs TBTja:joBq oqux BuxuuojsuBa:) 
'AHOoa i^XM 9ei XWd moxj pxuiSBTd jo uoxacaedajd b Eux^saBxp 
Aq paqsxTduiooDB sbm sxiii -pxuisBTd ssXxd B^:^ jo pxj 
^36 oq SBM da:jB qsaxj e 'sex XWd oqux Euxuoto ajojag 



•uoxqdxjosap 

sxqq ux papnioux sx aousq ptre 's^^x xwd 'xoziOBA Tnjssaoons 
aH3 30 uoxqeaao xoj quxod Buxw^s sxt^ sb pssn sbm 

'9€T 3IWd 'uoxqoas sxti^ ux pa^Bsao pxuisBTd aqi -ja^cuxTXiod 
aq:i Aq papooua spxoB ouxuib Pub 'aqxs zruid eqq 

aaojaq spxoB ouxuib ifr .'Buot spxoB ouxuib s9 sx asBo sxqq ux 
uxaqoad papooua aqi -uxaqoad papooua aqq jo q^Buai " :,:toqs 
sq^ oq anp Aiqxssod 'paiTHj nuauiBas jaxajBO b Buxpooua 
JoqoaA B JO uoxqonpojd :»b qduiaqije qsaxj sxqq 'snqi 

•paqoatiap aq pftioo uoxssajdxa uxa:»ojd quBoxjxuBxs 
ON -aOVd-sas Aq pazAxBUB s:jonpojd uxaqojd puE 'oidi 
Wui s-0 paonpux uinxpaui duiB - ^ ux UMoaB sbm auoxo 

:mH:;xnsaj aqj. •Buia:»sXs uoxssaadxa ux asBjauiAxod ^ 
30 asn aqa s:taAOD qojqM 'fP 3a :rarpn:,s 03 96fr'2S6'^ ^ua^Bd 
•S-n apBui sx osxB aouaaajan '0661 3a Jarpn^ff Aq 
SXOTW MajAaa aqq ux paqxaosap sb suoxqxpuoo Buxsn paqsa:^ 
SBM uxBa:js ctuH^xnsaa aqq ux uxa:ioad 30 uoxssa^dxa 

*sanbxuqoa:i paBpuBqs 
Aq ^oBsisioo aq o:i pauxuua:»ap sbm 'seiXWd 'auoxo aAxqxsod 
auo uioaj pxuisBxd B :to3 :jsaaa:»ux 30 BaaB aq:, ssoaoB aouanbas 
VNQ aqi -sanbxuqoa:, pjBpuB^s Aq e:jaasux jadoad xoj 
pazXxBUB puB pax3x:md sbm pxuisBxd puB 'aan:ixno pxnbxx dme 
aq o:|ux pa^coxd aaaM saxuoxoD -3 qq6Tu:taAo umo^ pue 

sanBxd duiB-OT o:iuo paiiBxd ajaw sxx9o sqi •:taanqoB3nuBui aq:i 
Aq papuauiuiooaa xoooqoad aq:i BuTsn ' (2-ts*69# nonpoad 'im 
'uosxpBw 'dioo uafiBAON 'ujBaqs uoxssaadxa /.x pjBpuBqs b) 
SsAxd (eaa)T2qa uxBa:»B XBx^ts^lOBq UU03SUBJ3 o:» paen 
a^aM srionpoad uox^bBxx uaqq 'aseBTX VNQ W q:,TM aoqoaA 



OT 



nsntsessujM 



UT psssnosxp sv 'HOVd-SaS pazAx^UB s:;onpoj:d UTa:ioad 
puB 'oxdl WUi S*0 ^^T'* paonpuT uinxpsm dme - ai tix xmojcB 

Aq axoT^-i^ MSTAaa aq^ ux paqxaosap se suoxqxpuoo Buxsn 
pa:^sa:^ sbm uxBa:4S ^^IHW<3 uxa:^ojd 30 uoxssaadxa 

•s6uxuo"[0 aoqoaA rjuanbasqns -[I^ ^oj pasn pue paouanbas 
SHM sxiao asaxitj uiojcj pxmsHXd "anbxuqoa:j qsaBxp AHOoa 
pauox^uauiajoge aqa Aq 'pxiusexd SsAxd ati:n pa3(OHX qoxqM GOIWT 0£ 
ux pa:^Bajo shm '6^1 MWd 'uxeaqs jbxt^TS Y • sanbxuqoa:^ 
paepuBt^s Aq qoajaoo aq 0:1 pauxuLia:)ap sbm '^^l^wd 'auoxo 
aAxqxsod auo uiojcg pxmsexd b xoj t^ssaG^ux 30 eaae aq^ ssoaoe 
aouanbas ynq aqx "sanbxuqoaq pjepupqs Aq sqjcasux aadojcd 
xoj pazAx^UB puis paxjxjcnd seM pxuisBxd puB 'a:m:jx^3 PT^^TI S3 
duie ST oqux pa^oxd aaaM saxuoxoD -3 ^qBxujaAO umo:l6 

puB sar^Exd duiB-aa o:iuo pa^isx^ aaaw sxx®^ • :caj[n:iOH jnuBui 

aq:i Aq papuaunuooaj xo^o^o-^d aq^ 6uxsn ' (2-IS^69# 
qonpojcd 'iM 'uosxpBW 'dioo uaBHAON 'uxBaqs uoxssaadxa 

pappuBr^s B) ssAxd (€aa)I^^a uxBjttjs x^T-^®^^^*^ uLiojsuBa::^ 02 
or; pasn aaaM s:|Dnpoad uox:ib6xx aq^ uaq:i 'asBBxx VNQ 
q:ixM jcoqoaA ::ino aq:^ o^ux pa^BBxx uaq^ ' aan^Baadma:) uiooa 01^ 
Buxxooo Moxs Aq paMoxx^J sa^nuxui g xoj 3 0S6 Buxt^Baq Aq 
:caq:^o qoBa oq pazxpxaqAq aaaM sapxqoaxonuoBxxo om:^ aqx 

SI 

[6 -ai *OaS] /£ O VDD VYD 000 ODX 000 XOX YXO DOY 
000 YDX DYX YDX OOO XDX XOX ODD XXO YDX DOD DXO YYX DOD OYD 
DXD XYD OXX YOY XOO XOD YOX OXX DYD OYO XOD 0X0 OYX YO/S 

01 

[8 'QI -OaS] ,Z O XYX OOY 000 YOX OOX OYY OYO XOO 
YOO YXO XYY OOX YOY OOX 000 OYX XOY OOO OYO XOY YOO OYO YYO 
YOO OYO XYX OYO XOO 0X0 OOY XYO YOO OYO OOO OOX XOO XO,S 

SIHW 

:suBam pjcBpuBqs Aq pazxsaq:^iiAs s 
QjaM aouanbas Buxmoxx^j sapx:ioaxonuoBxxo omj, 

• (sxsaaoqdoaqoaxa 

XaB asojBfiB Aq pajot^xuoui uoxqoBaa) suoxt^xpuoo paBpuB^s 
aapun SHAd q^T'* pa:isa6xp puB 'Auoxoo qons auo moa5 apBUi 
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aoj pszAiHire puH psT^Tjnd sbm pxuisBxd pup 'aant^xi^^ PT^^TT 
dme ai o:;uT ps^foxd BXBI^ saxuoxoD -3 oLZ :ih5tuj3ao umojB 
pue sa^Bxd duie-aT o^^uo patj^xd a^aw sxx^^^ ®m • Jcajcnt^oHjnupui 
aq:^ Aq papuamuiooaa xo^o^oad aqq Buxsn '(C-XSI^69# 
qonpoad 'xm 'uoexppw 'dLtoo uaBPAON 'uxhjcjs uoxssa:tdxa 
LJ. paBpOT:^s B) SBAxd (£aa)I2ia uxHa:is x^T^©^=>^C[ uLio^supaq 
oa pasn aaaM sqonpojcd uoxqBBxx aqtl uaqa ':io:joaA :joHaux 
Xisnpxsaa Aub azxacauxx 0:1 suoxr^xpuoo panpun^s aapun x^ds 
q^XM ano aaaM uaq^ s^onpoad uox^bBxx ^^X -aspExx VNQ 
q^XM ao:ioaA ^no aqr^ otiux pa:iB6xx uaqq 'aj:naHaaduia:i uiooa: o:i 
Buxxooo Moxs Aq paMOxxoj satmuxm s aoj 3 0S6 o:^ Buxqeaq Aq 
jaq:io qona 0:1 pazxpxaqAq azaM sapxt^oaxonuoBxxo om:^ aqx 

[IT "ai *Oas] iE XX XXV ddo xox 

XDX VDX \fDO XYX VW ODD XX3 DOD VOX XOX XXY DYX DXD OY/S 

[01 "QI -OaS] i£OY xox YYY OYY 
OXD DOO YYO OOX XXY XYD OXY OXY OYY OYD OOX YYY YDD OOiS 

STm 

• quauiBae 

apx^dad aq^ jo pua aq^ uopoo do^s :caquiH ws pue ' (osAi 
q:iXM aBBABaxo -^Q^^ o:x axq^sn) :4uauiBas jaxjaeo aq:^ pup 
apx:jdad aq:^ uaaM^aq uoxtjounC aq^ ^is auxsAx x^^OT^TPP^ 
^^T'^ 'OSd JO^DPj uoxt^dxaosupjt:^ ox:ioAjp3[na aq:^ 30 aouanbas 
Xeuxutxaq-N aq^ sx qoxqM aouanbas apx^dad aaux-sx e go 
sxsaq:^uAs aqq papooua asaq:; .'sueaui paepup^s Aq pazxsaqquAs 
aaaM aouanbas BuxmoxxoJ ?o sapxt^oaxonuoBxxo omj, 

' (sxBajoqdoa:;oax® T^S asoapBp Aq paaot^xuoui uox^oeaj) 
suox:;xpuoo pappup:is aapun x^on pup epuxH qaxM pa:isa6xp pup 
'AuoxoD qone auo uiojcj appui spm uox^papdajcd pxuispxd v 

(^^I^Dld 50 aaspzTx^Iod ot^trf aouanbas SuTpoo apT:)dad 
OTdo^T^a XTOT««»^-K OSd ?o uoTtiaasuT) 09T mid jo uo^tlPaaD 

•aozioaA uoxssaadxa ^uauiBas aa^uxxAxod/quauiBas 
aaxa^po p xoj qua^pd aq^ jo quauixpoquia paaaajajd 
aq:j pup e *Bxj ux paqxaosap rjuauiBas uxaqojd aaxjcjpo aqq sp 
saAaas pup 'pooB spm uxpj:is exqq uioaj uoxssaadxa axduipxa 

6S 



aouTS -UTStioad uoTsng sqq ut psssaadxa Buxaq ^ou e 'Bid 
UT souanbss 50 spxoB outuih ut saT^^sajc A6a:^i2jc:js 

BuTuoxo sxqi. -apxt^dad paaxsap aq:; 30 pxois ouxiup asBX 
aqq aaqjB uopoo dotjs h pauxBt^uoo pue 'a:ixs €Puxh/i^on h ge 
o-^UT pauojo aaaM risajaqux jo apx:;dad aq:j Buxpooua 
sapx^oaxonuoBxxo aq:; '09IXWd aouB^sux xoj 'saxduiHxa 
aqq ux pasn suxat^oad uoxsnj aq::^ Buxaeaao uj '^oxnax pxoe 
ouxuiH ja^gH paaa^unooua sx uopoo uoxqeuxuiaa:i uox^BxsuBJt:! 
-^sxxj aq:^ 'j:o:^oaA x^t^T^T^o -suxaqojrd uoxsnj 0£ 

aq:i go quauiBas jaifUxxAxod/aaxjaeo aqq o:^ aouanbas pxoe 
ouxuiB papoDua ux Ax:ioBxa puodsaaaoo ^ou op 'paAxaap ajaM 
saxdiuexa aqq ux pasn suxatjojd uoxsng XT^ qoxqM luoaj jcot^oaA 
uoxssaadxa e^IMWd aq:; puv uxBJtjs uoxssaadxa ^^x^Wd aqj, 

•aAoqB paqxjosap xo^o^o-^d pjepupqs :cad sh ajaM uoxssaadxa 
puB Buxuoxo 'asxMaaq:4o ' sxsajoqdoj^oaxa x^^ apxiu^xAaoB oz 
Aq pauxuLia:4ap aq AxaqBjnoop pxnoo azxs asoqM 'dq 00€ 
^noqB JO ^uauiBcag h paqHJcaqjx xaqN qt^xM pxius^xd 6uxuxb:iuoo 
-^aasux UB 30 uox^saBxp aouxs 'aaxsea s:iaasux jloj Buxuaajos 
apBUi sxqi -uoxt^ounC epuxH aqa :ib a^xs xaqN Mau b aqBaao 
j:ap:to ux pua auo :»b eapxqoaxonu B:c:ixa e ^^xm pauBxsap aaaiA sx 
Aaq:^ :;Bq:j sbm soBxxo aq:^ jo aantiBag Ba::ixa Xxuo aqx 'a^xs 
epuxH-x:;oN aq:j o:^ux Buxuoxo auiBJj-ux q:ixM axqxqBduioo spua 
qqxM puB :jsaaa:aux 30 apx:idad aq:^ aog papoo qoxqw paqBajo 
aaaM sapxqoaxonuoBxxo AjcBiuauiaxduioo oa^ 'itxT^^T?T^^<^S 
*09I^Wd ao3 pasn :iBq:i oq jcbxxuixs A:taA it6a:iBaqs uoxssa:cdxa oi 
puB Buxuoxo B Aq pa:jBaao aaaM 'Moxaq axduiBxa sax:iaadojcd puB 
uoxssaadxa aqq ux pasn aaaM qoxqM 'saotixaeuoo asaqx 

8 0T3-06T»l<i JO «OT:>«eiD 

•aAoqB SB suox:ixpuoo Buxsn s 
paqsa:^ sbm uxBatjs 09I^d aq:i ux uxa:|oad 30 uoxssaadxa 

• sanbxuqoa:i 

paBpuB^s Aq tjoaaaoo aq oq pauxuaaqap sbm '09I^wd 'auoxo 
aAxqxsod auo iuoa3 pxuisBxd b ao3 qsaaa:iux 30 BaaB aqq ssoaoB 

09 



6nsim M 



q:jTM qsBM puooas xeuox^do we 'pspjBosxp sjsm sque^euasdns 
sqx • (JOtjoa 8TYr) O oOT-fr tie ss^nuxui OT aoj o x 
000 '03-000 'ST unds pue sacjnq s6njTa:»u90 psaasgsueatj 
usqq sstjBsXx anj, -spuooas o£ Jog paqBotuos utbBb sjsm 
ssxduiBS puB 'psppB SBM s^BioqoXxosp uinxpos %03 50 Tui s"fr 
'UOT3BOTUOS as^jY -sBBafBajq n^o azTuiTXBUi o:i psp-poAB 
SBM BuTuiBOd • (s:»aBM QEE :inoc(B) %gs 50 But:i:)ss asMod b 
vs '350 spuooss s'O 'uo spuooss s'o 'dx^oaoBui pjBpuEtjs 
jxsqrj qnxM paddxnbs jo^boxuos 009XDA sxBxaa:»BW ptre soxuos b 
i^xw satjnuxui e Jog (qoqBq jscibm aox ux tTT^s) pa^BOxuos 
uaq^ 'samiuxui g aog aatiBM aox uo paTTTMS 'Ja3(Baq ox:iSBTd xui 
OOT B o:j paaaagsuBJ^ ' (ixa WuiT 'TD^N OET 'O'S Hd lOHSx;rx 
m 01) Y ^sjgnq 30 xm ofr ux papuadsnsaa ajaw sttsd 

•asn oa aoxad 0 oOi- ^b s3{aaM 
OM3 0:1 dn xoj pajoqs ao 'Ax^os^TP passaooad aaa/n uaq:} sxxso 
•sa^nuxui oi< aoj 6 x ooo'S-OOO'e :»h uoxtjBBngxariuaD Aq 
pansaAJBq ajSM sxxas '9Uix:i sxq^ aa^jY -pajxsap sb sxsXxbub 
aSYd-sas Joj uasfBti aq pxnoo saxdiuBs •uox:jonpux jaqgB sjtioq 
^-e J03 a3(Bqs o:i pa/noxxe bxxso puB 'uoxssaadxa aonpux 

o:> Wui g-o oq pappB sbm OLdi 'auixq tjBq:^ :»v • (Euxpaas jarjgB 
eanoq qnoqB) paqaBaj sbm q-T-S'O 30 mu 009 3h Aqxsuap 

XBOx:ido UB iT^un 6ux3(Bqs qtjxM pa:4Bqnoux puB '0 oZ.e o:» 
pauuBMaad duiB-aq Buxuxb^uoo sajti^xno i I oqux paaaa3suBa:j 
uaq:j sbm aan:jxno qoBa mojtj qaxxsd aqx • aan:iBaaduia:i 
uiooa 3B 6 x 000 '^-000 'I :»« saanuxui OT-S ^03 pa6n3Xj::»uao sbm 
aan:jXno :»q5xttiaAO 30 xm 0€ 'Buxtuoui aqq ui -qqBxuaaAO o 
oLZ 5e UMoaB ptre uxBaqs uoxssaadxa qoBa 30 3(oo:is zoccbdAxB 
30 x^i S-T qriXM papaae ajaM s3(sbx3 asfBqs duiB X"i OS 

fixrFiTFvaiioo-qiieiBBes Mjjuno jo aoT^BO-Fj-Fand pn« noTssaadaca 

'spuoq apx3XTtsxp 

30 uox:»Buuo3 ^^Jn suiaxqojd pxoAB 03 aaapixxXxod aq:i xif 
aaaqMAuB uopoo do:is b ^asux 03 axqBsxApB sx :»x 'asxMaaq^o 
•sx SB Jo:»oaA aq:j asn ubo auo 'quaBsaa aAxqoBaax>tipAq3xns b 
q^XM :juaui6as aajajBo aqq oq puBfixx b axdnoo o:» saqsxM 
auo 3x 'anp-psaa auxa:»sAo b sx e -Bja 30 96 pxoB ouxuib 

T9 



nspiistsa/iDJi 



ensim 



H uioaj pa:iHXOST uT3:^oad uoxsnj 50 suiHaBxxTT^ aacpunu b\\:x 
puB ' (aaqmnu puoo^s b st ajsqti jx 'ps^saAjpq) psonpux aa^M 
sxT®^ qoxqM A^TSuap x^^T^^Eo aq:; 'suox:inxos snoanbp oc 

X^j^nau ux apx^dad paqonqriB aqti jo aBjcqo :jau aqq '3px:;d9d 
paqoH^^H aqq ux spxoe ouxui^ jo aaquinu aq:j 'pst^oaxas 
SHM 9px:^dad aqa qoxqM uiojg uxatjoad quaaed aqq ' jaquinu 
uxBJC^s aq:; sa^Boxpux x ^X^psi -Jtat^xx/fim ux 'uxa:;oj[d uoxsnj 
paxjxjud JO px^T^ P"^ 'patjesAanq puH paonpux aasM sxx^^ 
qoxqM Xaxsuap x^^T^<io 'DTdH esnqd-pasjcaAaa Aq auixri 

uoxqua^a:c puH uox^nxos snoanbe ux A:;xxTC[nxos aq:^ 'apxtidad 
pasnj aq:^ jo aBjtBqo pwe azxs aq::^ 'apx-^dad pasnj aq:^ jo 
aouanbas pxoB ouxuib aq^ Buxpnxoux 'goaaaq^ saxt^jcadoad auios 
pwe uox^uaAux paqxjcosap aq^ Buxsn paonpo:cd suxa:^oad uoxsnj 03 
JO eaxduiHxa sr^uasaad x 3X^^X *qdBa6p:rBd sxq^ smoxxoj qoxqM 
'X 9Xcp2X JO :iaed ux pa^uaeaad aJB s:ix^saa uoxssaadxa aqx 
• z axduiBxa ux paqxjcosap se paA^sse sbm uxa:^ojd aqj, 

:8^XiM9H txoTseaadxa 

sx 

"uox^oaCux aaojaq uoxsuadsns auxj h aonpoadaj 
oq pa^Hoxuos aq o:^ papaau spoxaad fiuox :coj pajcoqs saxdiuHs 
'sasBO aiuos ui -uoxt^oaCux aoj Apeaa ajaM pwa 'paaxsap 
jx 'asn aaojaq sqquom 9 sts 6uox sis jloj ©OS- paao:;s uaqtj 
SBM :iuaui6as aax:rjBO Jio suxa:iojd uoxsnj paxjxj:n<3 "aajjnq ox 
auiBS aq:^ jo x'^ OX i^T papuadsnsaa uaqq 'stiuaxdxoxa 6ux3(Dhx 
auxxBS paaajjnq aq^qdscqd oxuo:iosx qqXM xx :iSBax paqsBM 
uaq:^ 'aaojaq paqaxx^^ aJtaM saxduips aqj, * (atjHXoqoAxoap 
aoBjq BuxuxH^uoo puc Aqxand aassax Ax^qBxxs jo x^T-^®'^^^ 
uxB:jqo oq pa^xsap jx paqa™o aq Apui daqs OOX-X uoqxjx S 
aqq :at^ON) "OOX-X uo^T-^fJ. *I pup JmLQ wui T 6uxuxh:juoo 
^'L Hc3 auxx^s pa:cajjnq a:iBqdsoqd oxuor^osx ux uoxqeoxuos 
jaxaq Aq papuadsnsaa ajaM sqaxx^d uaqri 'paaxsap 

SB pauLiojJcad shm v aajjnq ux a:vBxoqoAxoaa uinxpos s^z 

Z9 



II MK210 


MK209 


MK208 


1 MK206 


1 MK205 


MK204 




1 MK202 


MK201 


MK190 


MK189 


i MK160 


II MK144 


[Bacterial 
Strain 


SPltail 




PIMT 


W 


TGFBl 


IL2RG 


MCAF 


Rantes 


SPl 


AP2 


PIMT 
substrate 


o 


base 


Antigen 
Name 


»^ 
K) 


Co 


NO 


o 


to 


*o 


to 


-O 


VD 


VO 






o 


in 
Peptide 


1 






to 


O 


o 


to 


O 








I 

to 


o 


Net 
Charge 


MNSSSVPGDPPM 


ETSSLLKIQTLAGHGORRL , 


LMGVIYVPLTDKEKQWSWK 


ILLSELSRRR 


YIYSUDTQYSKVLALNQHNPOASAA 


YTLKPET 


KQKNVQDSMDHLDKQTQTPKT 


NPEKKWVREYINSLEMS 


CKDSEGRGSODPGKKKQHI 


MSHTDNNAKSSDKEEKHRK 


MKQVVNSAYEVIL 


KMAEDDPYLGRPEQM 


none (for reference purposes) 


Sequence of the Insert 
(1 letter amino acid code) 


to 


to 


to 
o 




oo 


«o 










lO 




P 

h 


SEQ. ID 
No. 


i 


1 
1 
I 


■ 
1 
1 


t 

! 


i 


i 


i 


1 


i 








0.81 


Solubility 
(ug/ml) 


1 
( 
( 


1 
■ 


1 
t 
■ 


f 
1 
1 


1 




1 


1 
■ 


■ 
■ 
• 


29.6 


31.2 


30.3 


33.1 


HPLC 
Retention 
Time 


.505/1.25 


.843/1.7 1 


Lfl 

Ul 
00 


.878/2.22 


.59/.9 


.727/1.32 


.809/1.3 


0.52/0.95 


0.558/1.15 


»o 




0.65/1.36 


0.7/1.23 


O.D. 


u> 










u> 


»-* 


•o 










1—* 


Yield 
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UT VTOTB oT:isoBOJ:onx5Ta:; %I'0) pJCPpuB^s shm as^nd aixqoui 
3tiX -suoTSuauiTp uim os^xg-^ 'poxxTS Wi oi 'uuinioo dJ. 81 
-0 oepAA p SHM ssnqd AanuoTaBas aqx ' [DIdH) AqdeaBoaHuioaqo S£ 
pxnbxx ajnssaad qBm asBud pssjaAsa Aq pazAi^ue 
puH pxDB Dxqaop ux Xhssb uxa:ioad aq:^ :co5 se psaedajid sisw 
axduiBS V iauix^ uox^ua:i9J puH Arjxand jo sxbAxbuv o^dH 

■uxat^ojcd 

XH^o:^ JO %0T unqri ssax spu^q qupuxuintiuoo q:ix/A pueq aoC^m 0€ 
sxSuxs H ps^BDxpux x^fi ^^I. 'spcqtiaui pjCHpuBtjs jad se anxa 
axssHuiooo q^XM pauxBt^s ajcaM sx36 ©q^ 'suoxt^xpuoo pacpu^r^s 
s ^aaant^OBgnOTUi Aq sxs3:coqdoa:;oax^ J^^^JM -uoxanxos ux 
uxatjoad uoxsnj eq:^ uxb:iuxhui o:^ jcapao ux '%i-o X^^s^^ 3^ 
pea^sux sas hZ'Q-Z'O pauxB:;uoD :cajjnq Buxuuru: aqx * (squioo qz 
XX^i^ 01) s\bB aoVd-SQS %02-^ xsaon o^uo papHOX a^aM aAoqn 
Ahssb aqq Aq pa:iHmx:isa sh uxa^ojcd go BrI Ofr-03 tiaq^ 'saqnuxm 
5 xoj D oS6 o:^ pa:^Baq 'aagjnq BuxpBOX X^^ SQS TxuiuiaBn 
JO sauinxoA 6 ux psAXOssxp aaaM uoxsuadsns uxa:^oad 
uoxsng aq^ 50 saxduiHS :A^x:Lnd jo sxsAxhuv aOVd-SQS OZ 

'uiu S6S p^aa aaaM saounqjosqe uaqq 't^uaSeaa x'^ 003 
o:; pappe SBM axduiHS jo x^^ 01 -paBpuBtijs uox^Ha:iuaouoo 
uxa^oad e sh pxoB ox^aoB %os ux pa^nxTp uxmnqxB 
uittias auxAoq 6uxsn ':iua5Ha^ Aess^ snxd axssBuiooo "daoo 
aoaaxd 6uxsn paABSSB a:caM uaq:^ saxduiBS axqnxos patmxTa SI 
•pxoB ox^aoH %0S q^T^ S^I J:aq:;:cnj pa^nxTp uaqn 'pxoB ox:^aoH 
XBxoBxB JO auinxoA x^^iba ub ux paAxossxp aaaM uoxsuadsns 
uxaaojd uoxsnj aq:i jo saxduiBs :Abssv uxa:io^d 

" siltat^ojd uox6rtj ^ub rtuauibag OX 

a^xaateo "JO 'sax:^aadoad pu« A:;xj:nd Jo sxsAxhuv 

£ axc^DAxa 

• {XB:xxx/Bm sx uox^BXAap paspuBtis 'jca:ixx/6ui 
IZ UBaui 'aaqxx/fiui ZL-S ^Bubjc) a:in^XT^ l/Bui s aAoqB s 
a:caM uioaj paAXjap suxa:io:cd uoxsnj aq^ XT^ 50 uoxseaadxa 
puB ' (1/Bui IX) x^T^uBtisqns sbm ^tiXWd aot^oaA ::iuaui6as 
aaxjJBO aaBuox aq^ uioaj uoxssaadxa 'D^dK aOYd-sas 
Aq paqoat^ap sb 'szTimd ux pxuiSBxd aq:^ Aq papooua uxa:;oad 
JO uoxssaadxa axq^ansBam ou jro ax^^TT aaaqj, 
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^^■:x oq ps:i:iTuiqns sbm 09I»aci uiojj paxg-pand uxs^oad uoxsnj 
JO axduiHs psxjxand v 'Bzts ux3:iojd jo sxsAxhub sw-av^ 

•£ oq e- uioag paBuea Hd xnatinau :^js bBxjsxio qau sq:^ 
puB 'spxoB ouxuiH 61-^1 uiojj paBuBJi pa:;sa:i suoxsnj apxr^dad 
aqq jo sazxs aqx • im/67/ z.*fr-8*0 uioaj paBuBa suoxsng 
puH (aAoqe pa:iou sb uoxsuaqxa q:iXM) uxaqojcd asBq aq:i go 
s^T^TTTqnios :iBq:i a:jBOxpux 'i aiqBj. ux pa:iuasaad 'smnsaa 
^m. 'as puB vs 'sBxj ux uaas aq ubo sb 'tiuaasxsuoo 
itjaA aaaiA sadBiis 3(Bad aqi^ 'uoxsng oq uoxsng luoaj XxqqBxxs 
paxaBA suoxqxsod uoxqnxa 3[Bad aqq qBnoqqxv 'axdiUBs 09X»4d 
aqq oq aAX^Bxaa oidH ^q paABSSB puB 'pxoB oxqaoB x^T^^T^ 
go auinxoA x^nba ub qqxM paqnxTp suxaqoad uoxsng 

paqBjnqBs go saxduiBS 'paqqoxd sbm aAJino pjBpxxBqs b puB 
'pajnsBaw aaaM sqqBxait ^v^d 'aAoqB sb oidH Aq paABSSB sbm 
Xui/6rf s^'o oq uMop 9 uioag sax:cas uoxqnxTp PT03-3 X^T^^s v 
• (xui/Brf S6 uoxqBjquaouoo X^uxg) aAOqB Abssb uxaqoad aqq 
Aq uoxqBaquaouoo uxaqoad go uoxqBuiaxguoo jaqgB paqqonbxxH 
SBM sxqj, -xui/Bt/ 001 qnoqB aq oq paqBUixqsa sbm qx 
Xxqun 09I^wd uio:cg uxaqoad go axduiBs pazxxxqnxos-pxoB oxqaoB 
UB BuxqnxTp paaBdaad sbm paBpuBqs uxaqoad v *aAoqB 

Abssy uxaqoaa ^qq Aq paqBiuxqsa sb paqoBaa sbm uoxqBanqBS 
XT^im Buxxxui qqxM sABp x^^^Aas Jog qe auxxBS paaaggnq 
-aqBqdsoqd oxuoqosx ux puBqs oq paMOxx^ aaaM suoxsng 
XBaaAas go saxduiBS -AqxxTqnxos go sxsAxbuv DIdH 

•sqxnsaa aOYd-SQS ©qq qqx^^ quauxaaaBB ux '^Bad 
iiBqs axBuxs b sb paqnxa uxaqojd passajcdxa aqq 'pxoB oxqaoB 
aqq ux saxqxandmx oq anp aq oq UMoqs aq pxnoo qoxqM 's:>[Bad 
punoaB^OBq xT^s puB pxoB oxqaoB aqq oq anp uoxqoa Cux 
aqq qB 3(Bad a6:cBX aqq UBqq aaqqo * AqxoxqoqdojtpXq qBxq 
axaqq BuxqBDxpux Aqa^aqq azxs sxqq go suxaqoad aog uoxqnxa 
aqBX aqxnb (axxjcqxuoqaoB %>s-OS) saqnuxui x'ee oq s*sz uioag 
paxaBA sauixq uoxquaqan ' (BJrtfne) x axq^X Axxeoxjcauinu 
Pxre (DidH) as ptiB YS -sBxd ux Axxeomd^^fi paqoxdap 
ajB sqxnsaa aqx • axxaqxuoqaoB %09-*0S uioag quaxpBaB «auxx 
aqnuxm 0^ ^ qqxM paqnxa pue 'paqoaCux sbm axduiBs in qz 
V 'Sdnv £'0 'mu frxs qB aouBqaosqB aQ Aq sbm uoxqoaqap 
puB ' aqnuxm/ xui X sbm aqBa Moxg ' (axTJ:^TUoqaoB/JcaqBM 
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o-^ punoq XpoqxauH oxgxoads jo :iunouiH U^xm ssqexsjaoo 

Xx'^osJcxp uox:ioHajc oxa:iauixjcoxoo b^i^ jo A-^xsuBp XTBOx-^do aqx QZ 

-aii^aqscpis s^Hxadojdde aq:; q^T'^ uox:job9:c aq:^ Buxdox^Aap 
puB sqcBnCuoD Apoqx^ue u32(oxqo-x:iUB uh 5uxsn p3:iD3:i3p 
SPM punoq Apoqx:^tre oxgxoads go t^tmouie aqx * aant^paaduie:^ 
uiooa sanoq s'T -xoj axduiHS aq:; jo suox:jHa:iuaouoo 

snoxjcHA 6ux:;Bqnoux Aq sjia:^::^ Apoqx:iuH oxgxoads SZ 
jioj saxduiBS uxxnqoxfiounuiuix azAxHUB otj pasn aaaM uaq:i sxx^** 
pa:^ooxq ptiB pa:jBOD aqx "SUxa::ioad jo Buxpuxq oxgxoadsuou 
^ooxq o:j uxuinqx^ uirvias auxAoq a/m %x JO uox^nxos b 
q:iXM anoq x pa:iBqnoux uaq-^ puB qz uaaMX iZ'O 6uxuxb:iuoo sSd 
q:jXM sauixti xnoj paqsBM ajca/A sa:iBxd aq:j jo sxx^'* ^qx 'Oofr 03 
:jB sanoq 8X-frX pa:iBqnoux puB ea^Bxd XT^'* 96 o:;uo pa:^BOo sbm 

(SHd) auxxBS paaajjnq a:^Bqdsoqd ux papuadsns puB aouanbas 
uxa:joad osd aq:i uioaj paAxaap aaBBnCuoo tixa:iojd :cax:cj:BD 
axqnxos 'Axjaxjca 'saoBiJcns PTxos o^uo pazxxxqouiuix aq o^ 
saqBBnCuoo uxa^oad aaxaaBO go A;:ixoBdBO aq:i uo 5uxzxxB:ixdBD sx 
Aq pauLzogaad sbm (9 -Bxj ux pa:^Ba^snxXT Axx^^T^^^^^-^^^TP 
Abssb :^uaqjosounuiuix pa^xx auiAzua) vsna aoaaxpux uv 

saoBgatis PTTOS 

ub sa:iBJ3nLuoo uxa:ioad aaxajBO go uox^BZXXxqouimi OX 

• tjuauioi^sux 

aqq go jlojljlb aq^ uxq:ixM sx aouaaaggxp aqx •ao:ioaA aq:j 
go aouanbas aqa uiojcg paonpap SB 980' It snsjraA 880 'II sbm S 
(I+W) saxoads aoCBUi aqq go qqExaw aBxnoaxoui pat^oatjap aqa 
'as '^Jd ux paauasa:cd puB spoq:iaui paspuBqs :cxaq:> Aq paABssB 
sv * :caqauioa:)oads ssBui quauipaBquioq uiot^B-t^SBg :)OBduio^ ^T^^^ 
go un:c uoxaHJ:»suoiuap b aog (pN 'AasuiBH) uoxtjBaodaoo so^bo^ 
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Et/i puH uinxB Bui z'O JO uoTtjnxos ts ' (auou/jo) s:isooq sqi 
qriTM quBAnCpp ou puH uoxiezTunuiuiT AjcHuixad aq^ i^h auBAuCpv 
s^pxmaaj ot^axduioD ' (dl/dD) sqsooq -^la ^UHAtiCpv s^punaa^ 
9:i9X<iuiODui Aq pawoxiog uoxr^BZTunumiT yLiBuiTad aq:^ q^T^ 
quBAnCpv s.punsjca a^ax^^oD Jo pat^sxsuoD sdnojcB t^uBAnCpn s£ 
tluaaagjTp xxe aqj, • (sx^ao x^) auoxH aqeBnCuoo uxaqojd 
JiBXXXVD osd JO Bri OQZ puH (axuao xx) auox^ atjHBnCuoo uxa:jo:cd 
J^T-^-iHO oS<J 50 (6t/oox) qunouiH x^^^ q^xw uoxc^oaCux oq 
uosxjBdmoo Jioj. pasn aaaM stjuBAnCpe t^uaaajjxp xxg -axduiBxa 
Suxpaoaad aqq ux paqxaosap sbm sh uamxBaa uoxaoaCux oe 
auiBS aq:^ Buxsn pa:jDnpuoo shm :juauixaadxa aqx -squHAnCpe 
go AqaxjBA e :inoq:ixM pue q:^XM passassB shm osd uiojcj paAxaap 
quauiBas apxqdad b puB uxat^oad jcaxaaBO aqq uaaM^aq apBiu 
uxaqoad uoxsnj b o:; aoxui jo asuodsaa oxuaBx^uB aqx 

SZ 

:;uteAnLpv jo asfl aq:^ :t noq:^xM 

paonpbJd aq 6q ^axt>oqx:i uv moxIV uia:^^As Jo A:^xxtqv 

9 ex<3annca 



■qsaaaqux go apxqdad 03 
aqq qsxiXBBB pa:ioaj:xp Axx^T^u^-^^J^^d sbm Apoqxt^UB oxjxoads 
aq:i go AqxaoCBui :isba aqq a^qtj a:^Ba:isuouiap 'uoxrjnxTp 
jcad dno^B aad ao tiBam aqq sb l 'Bx^, ux UMoqs 's:^x^saa asaqx 
* (0Sd/09X) atjBBnCuoo uxa:iojcd xbxxxisd osd aq:^ q::>T'^ pa:jBOO 
sxx^** quaoBCpB uioag srjxi^s^-^ pajtBduioo a^aM (asBq) uxaqo:cd sx 
aaxajBO aqa ^'^xl^ pa:iBoo sxx®^ uioag s:;xT^saH 'YSIia :ioa:cxpux 
Aq passassB aaa/A uiTucas aq:» ux sja:^x:q Apoqx:juB oxgxoads 
aqj, -paqoaxxo=> sbm unxias aqq puB pazxuBqtjna aaaM aoxm 
aqq uoxqoaCux tjsBx aq:i JcaqgB s^aaM omx *:iuBAnCpv s^punajj 
aqaxduiooui ux uaBoununux go t^unouiB auiBs aqq qqxM sxBAjcaqux oi 
^aaM jcnog qB aoxwq paqsooq aaaM aoxui aqj, -quBAnCpv 
s^punaaj aqaxduioo go (xt/oot) auinxoA x^'^^ papuedsns 
aaBfinCuoD uxaqojd JcaxjrjBO Qsd go uoxqoaCux jad 6r/ooi q^T*^ 
dl pazxununux aaaM (dnoaB aad aajqq) aoxui o/mva ax^uiaj 

j6 qu^uidot^Aaa exernx utf 6^tiY stit^qbjcd ?6 ubtqoaLui; 

S Xduivxg 
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aiqedGD ST 3:iBEnCuoD UTe:;oad aaxaaGD aq^ tinq^ sr^ea^suouiap 
sriinsaa asaqx *auTBAnCpH 50 aouascpe aq:^ ut apx^dad 
uoTsng ' (>tT^AT^^3«5saa xui/Bui fo - iui/6m z) S^OI " 6t/ qqz 
qilTM pazTunuiuiT aoxui uioaj saa:iT:i Apcqxtjuis aii:; sa^HJctisnxiT SZ 
96 '6Ti ' {^sooq qoea q:iT'* a:iaiduioDUT pms iLzEUixad 
aq:^ a:iaidmoo) t^uGAnCpB s,punaaj ux papuadsns a:iH6nCuoo 
uxa:ioad aaxajBO osd ' (AiaAXtioadsajc iui/6ui x-q - iui/6m i) 
Brf OT - St/ 001 q^T^ pazxxmmuix aoxui uioag sjcat^xq Apoqx:iUH aq:i 
sa:iHa:;sniix V6 *6Td 'dnojB :^uaui:)Haa:i aad aoxui o/htyS aa^q^ 0€ 
uioaj Mas go ^^^ao uBam aq^ sb passa:cdxa aae s:nnsaa aqj. 

•VSna ^oaaxpux Aq passassp aaaM a^eBnCuoo uxa:^oad aaxaano 
osd aqn qsux^Bp Apoqx:iue 30 s^a^T^ mnaas -paqoanoo uinjas 
puB pazxuHqrina aaaM aoxui 'uoxi^oaCux :isbi aq^ BuxMOHog 9Z 
s:>(aaM owj. -paqxjcosap AisnoxAajtd sb si^Aaa^ux ^aaM anoj :\ts 
sauix:j aaaq:» dl ua6x:iuB Bt/qoT qQT'^ pa^oaCux a:caM aoxw 

•OSd moaj paAxaap tiuauiBas apxt^dad b pUG uxa:ioad aaxaaeo 
aq:) uaaMqaq apeui uxat^ojd uoxsnj b 50 sasop suoxjcba 0:1 aoxui 
50 asuodsajc oxuaBxt^UB aq:i o:^ pa:)oajcxp sx l aiduiHxa OZ 

^bT rtH asoQ uaBx:^iiv pHOOfl 

e jaAQ asuod san ^tu^bxriuv jo uox^Binuixz^s 

51 

•:^UBAnCpB UT papuadsns uaBounuimx aq:i 
q:ixM pa:ioaCux aoxui jo :|Bq:i oq axqHJBduioo sx auoiB ar^eBnCuoo 
apxtjdad j:ax:caBO q:iTM pazTunuiuiT aoxui go asuodsaa Apoqxaxre 
OTgxoads aq:^ Moqs g 'Bxj ux stunsaa aqj. -:»sooq ^sbt 

aqti aatige s^aaM om^ VSna ^oaaxpux Aq passassB aaaM dnoafi ox 
^uam:)Ba:c:j aad aoxui aaaqq go saaqT:i uirucas aqx -uoT^nxos 
auTx^s aaag-uaBoxAd Buxsn auinxoA Jog pazTX^maou aaaM 
osx^ (aT^^O XZ PUH a-cuao XI) quBAnCpe :inoq:ixM suoxr^oaCuj 

-uaBounumix aq:^ q^T^ pasn sbm (X^OOI) :;uBAnCpB go 
auinxoA x^nba ub 'sasBO XT« «I ' {Ioa:iuo3) xo-^^^oo aAX^eBau s 
aqtl SB pasn sbm uaBounuiuix ou puB t^uBAnCpv s^punaaj q^T'* 
uox^BZxunumii • (Di Axod) uox:;oaCuT aad [D'l] Axod Bui l'O 

(Xns UBa:)xaa) uox:ioaCux :cad at^Bgxns uBa^xap Bui S'S ' (uinxY) 
uoT:;oaCuT aad uinxB Bui ^'O ' (WODSI) uox:joaCux aad uxuodBS 
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Bz^T^^^ puHx^az msn sTHuiag pun eoxui o/aTVa aiPUiaj 

•:iUBAnCpH 

asTJUHD osd sq:; q^T** pazTununux aasM sua^oTqo puB sqTqqca 
'SDTui 'uiai^sAs 3q:j 30 AaTTT^^saaA eq:^ a:iEaqsuoui3p ox se 

uoTqpzTunuimi Jo 8a:^noH puc saxoad s 9:;ejq9qaaA 
g^oT^^A JQ uox:^gzxunmmi q^T^ uoxt^nlta AUi :maeaj:d ^qi 
go uia:iSAs Bq:i ouxsn saxpoqxquv TBUOxoAxod 50 uoxq;::^npoad 

6 ei*inMca Q£ 



• qUPAUCpH 

:inoq:iXM ao qrjXM sasooq aidx:jxnui paAxaoaa peq :ipq:| aoxiu 
aaq:io jo asoqi o:; aiq^aeduioo aja/A sjcaqx:j aqx •ja:jBX s^jaaM 
ua:^ asuodsaa Apoqx:»up oxjxoads tjUHOxjxuBxs h ppq Apn^s aq:i sz 
JO uox:iBx:|xux aq:^ -^b uoxijoaCux ax6uxs h paAxaoajc :;Hq:i aoxui 
'OX -Bxj ux paciBJcqsnxXT *dnoa6 tjuauiqeajij aad aoxui aaaq:» 
uioaj lUToas JO ^^ao uvBm aqq sjs passaadxa ajB s^xnsaj: aqj. 
"YSirra rioaaxpux Aq passasse aaaw aqBBnCuoo uxat^ojcd aaxaaeo 
OSd aqq ^suxpBb sja:ix:i Apoqxque uinaas -paqoaxxoo uinaas pun qz 
pazxuBq:ina aaaM aoxui 'uox:jHzxtmuiuix Aaemxad aqq Buxmoxxoj 
s3[aaM uaj, -xo-^^uo^^J SAx:iHfiau aqq se pasn aaaM (Axuo • CpB) 
Axuo r^uBAnCpB ^^T^^ parjoaCux aoxw -paqxaosap AxsnoxAaad 
SB XT^ 'quBAnCpB :inoqqxM uaBounmuix (Bui x) Br/oOT (Bui 
Z) 67/0 02 J:o (+ Bui I) :juBAnCpB s,punajrj ux a:iBBnCuoo jaxjEjcBo sz 
iixa:>oad osd Brf OOT Jo suoxqoaCux dl aajcq:^ q:ixM pazxunuiuix 
aaaM aoxm o/aiva paqoqeui-jcapuaB puB aBB 'uosx:cBduioo aoj 
-osd uioaj paAXjap quauiBas apxqdad b puB uxaqoad aaxjJiBO aqq 
uaaMqaq apBui uxaqoad uoxsnj b jo uoxqoaCux (xx 6013) Bt/qoz 
axBuxs B qqjM dl pazxunuiuix ajaM aoxui o/STVa ax^ui^J OX 

uoxgoaLui ^X ^^t^S g q^^XM 

asuoasan Apo^t:!mv ^UBbxjYtl bis ^i>npttt 6:^ m^^aAs j6 AqxxxdtU 

8 axdnvxa 

S 

* XOJ^xroo 

aAxqBBau aqq sb pasn a^aM (Axuo -CpB) Axuo quBAnCpB 
qqxM pazxunumix aoxw *quBAnCpB qnoqqxM puB qqxM sasop 
JO aBuBJ apxM b 30 asuodsaa aunmuix qsnqojc b BuxqBxnuixqs go 
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Buxpuxq BuxaeduioD 'psqxaDSsp AxsnoxAsad sh 'vSIia tioajcxpux 
Aq patinniBAa sbm aoxui 3S3q:n jo h:c3S 9q:^ uioaj Apoqxqup 
Dxjxoads "9 aiduiHxa ux paqxjosep sh s:^UHAnCpp snouoBoxa 
snoxjCHA qnoti:^XM pun H^xm 3:^B6nCuoo uxaqoad asxaaeo Qsd am sz 
6uxsn aoxui ux pa:|B:caua6 ajaw saxpoqxquB 'asn sxq:; Ajtxba 
ox -paAxaap shm puB6xx apx^dad aq:; ^^T^*^ moag uxatiojd 
q:;6uax Tin? aq^ o:^ P^T<^ TIT** ^sq:; eaxpoqxquH a:;caaua£ 

o^ sx uox^uaAUX :)uas9ad aq:^ go asn :iuB^Joduix aaq:;ouv 

OE 

paAXjaa SBM pueJDxq sq:; qoxqM luoag 
uxaqoad q^ouaq unj aq:; pue uajDOunuiuii aoj 
pasQ puHOXT: aq:; q^oa sazxiirjooan qox^M uia:;sAS 
sxqx JDUXsn ssxpoqxruiv xHuoxoAiod Jo uox:;onpoad 

01 extoffxa S3 

•uox^oaCux 

JO sa:;noj: :;uaaaggxp Buxsn saxosds x^^T^^ aqpjqa^j:aA 
snoxjBA ux uia:;sAs sxqa 50 A:;xxx^n aq:; a:;Hj^suouiap 
b::;hp asaq:; 'aaq:;a6oq uasjBX ' (DXI *6tJ) axnoaxom qz 
aq^ JO uox^jod puBBjx aq:; :;suxe6B pa:;D3:cxp Axt;uBUxuiopaad 
sx a:;e6nCuoo uxaaojd jcaxaaBO osd q^XM wi pazxunuiiux 
sua3(oxqo jo asuodsaa Apoqx:^up oxjxoads aqa 'asxMa5(XT 
•^saja:;ux go pu^Bxx aq^ :;suxp6i2 psAaxqoH spm :ca::;x:; q6xq b 
'Ax^BXTuixs 'an "BtJ u^ioqs sx arjeBnCuoo uxa::;oad jlbtxxiso st 
osd 9U1HS aqq q:;xAv suoxqoaCux 35 bxa pazxunuiuix s^xqqej 
go asuodsaa Apoqx:;ue oxgxoads aqx -uox^oaCux go a:^nojc 
dl UP Aq pazxunuiuix aoxm go uinjas aq:; ux tjsaaa^ux go apx:;d©d 
aq^ o:; saa:;x:; Apoqx:;uB oxgxoads q6xq BuxMoqs suox^euxuLiaaap 
a^Baedas go sj:a:;x:; u^aui aq^ saqpjqsnxxT VII *6t«3 '"^ 01 
axduipxa ux paqxaosap sh vsna :ioa:cxpux Aq pauxuLia^ap ajcaM 
luauiBas (asBq) jcaxaaeo aq:; o:; puE a:;G£nCuoD uxaio:cd jlbtxxisd 
osd aq^ oq sx^uixub aq:; go sja:;x:; Apoqx:^UH oxgxoads aqx 

•3(xoA aq^ uiojg Apoqx:;uB go uox^bxosx 
aq^ jcog uox:;oaCux :;shx ^atig^ ^aaM auo pa:;oaxxo3 s 

aaa/A s66a -suox^oaCux wi Ax^aaM anog Aq pazxunuiuix aaaM 
suaq BuxAbx oioqBaT a:ixqM •pa:ioaxxoo uinaas pun pazxuBq:;na 
aaaM sxbuixuh aqq 'uox^oaCux qsBx aq:; BuxMOXlog s^aaM omx 
•AxaAx:;oadsaa 'sa:;;noa os pue dl exA 'sxBAaa:;ux ^aaM aajq:; 
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ZL ^og pai^HqnouT pun (TT^Vl'^ 001) ssqisxd mo:iqoq-^PXj II9m 
96 UT paqecpiouT ajcaw suoxsusdsns nao • (saj) uioias 9UTAoq 
%0T BuTUxeauoo oi^9I IWdH ux xui/o ,oi papuadsnssa 
ajaM sxT^D 'sapxxs ssbxB patjsojj Buxsn pasaadsxpououi pu^ 
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■•oz-oK ai oas :NoiidiHDsaa aoNanOas (xx) 

UTa:iojd radAJ. a'InDa^OW (tt) 
JeauTx ^ASXyiOdOL (a) 

urtouapm : ssaNaaoNvaxs (d) 

PXOB OUTUIB .-adAJ. (a) 
spxoB ouTUie 6T JHXONaa (Y) 

=soiisiHaiOYavHo aoNanOas (t) 
•02: ON ai Oas aoj NoiiwaodNi (e) 



OT g 

Bav fiJV Boy :tas na^ mo aas naq nsT axi 

=6t:on ai Oas ^Noixdinosaa aoNanOas (xx) 

uX3:;ojd :adAJ. a^nDa^OW (XX) 
JBauxx :A£XyiOdOi (a) 

uMou3(un :ssaNaaativaj,s (d) 

PTOH ouxuiB :adAJ. (a) 
spxoH ouxuie 01 .•HLONarr (V) 

= soiisi^aiDvavBD aoNaaoas (x) 
= 6t:on ai oas hoj NOIlWaOdNI (Z) 
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qaw o^d oxd dsv Axo oj^ T^A ^^S J^^S ^^S usv ^i^W 



'ZZ'Obi ai Oas ^NOixdiHosaa aoNanOas (t^) 



uTstjoad :adAi amDaiow (tt) 

aBsu-pi :AOCnOdOX (Q) 

UMOu:i(tm : SSaNaaONVHiS (D) 

pxDB ouxme '-adAJ. (a) 

spxoH OUTUIH ZT 'KLDtlWl (V) 

=SDixsiHaxDVHVHD aDNanOas (t) 

= 32 'ON ai Oas HOa NOIiVWHOaNI (2) 



= 13= ON ai Oas 'NoixdiHDsaa aoNanoas («) 



UTs:io:cd :adAX aTnoaiOW (TT) 

JPSUTT -AOOTOdOX (Q) 
ii«ou3{un : ssaNaaaNVHJ.s (D) 
PToe ouTUiB :adAJ. (a) 
spxoB OUTIUH 61 ^HlONan (V) 

•SDIXSIHHXDVHVHD aDHaQOaS (T) 

:T3 = 0N ai Oas HOa NOIXVWHOaNI iZ) 
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JO 9Duenb3s pxop ouxuie aqrj Buxsxjduioo ;co:joaA y '8 

' IZ -QI *0HS] e "Bxj ux psiiHacisniTX souanbss 
aqa JO Buxr^sxsuoo x mxExo jo quauiBas xbxxjc^d bijx 

' tl 'ai 'Oas] T -Exj ux pa^BJtisnxTT souanbas 
JO Bux^sxsuoo X uixBxo JO ^uauiBes jcaxaaeo aqj, -9 

•Buox spxop ouxuip ss zinoqis ^spax 
qtjBuax « Buxahu I uix^x^ ?o :iuam6as aaxaaeo aqj, -g 

•auxuoxqr^am pup UBqdo:|d[A:c:i 'auxa:isAo 'pxoH axuip:inx6 
'pxDH oxriaBdse 'auxsXx 'suxuxBae :spxop ouxme Buxmoxxoj 
JO %s Xxa:jHmxxoj:ddH uls^:x ajoui ou sasxac&uoo tjuauiEas aaxjcjeo 
aq^ uxaaaqM x uix^x^ Jo tjuauiEas jcaxaaeo aqx 

• (a:;xs x^uxmaaii ouxuih aq^ auxuoxqijaux 
JO uox:idaDxa aq:^ qi^xM) auxuoxqqaui puc UHqdot^dyLcrt 'auxar^sAo 
:spxDH ouxuiH BuxMOXXOj aqii jo suxpqo apxs pa6:cHqoun 
Jio .'pxoB oxuiPtmxB 'pxoe oxr^JCBdsB 'auxsAx 'auxuxBjp tspxop 
ouxuiH JO suxpqo apxs paBaisqo XxaAx:ixsod jo AxaAxrjeBau 
BuxMoxxoj aq:^ jo fiuxz^sxeuoo dnoaB aq:; moaj par^oaxas spxoH 
ouxuiH BuxMoxxoj aq:^ jo om^ qseax s^o^j aouanbas pxoH 
ouxuiB aqq uxa:raqM x uix^x^ Jo ijuauiBas aaxaa^D aqx -e 

•oxuaBxiOTuou Axx^T^uetisqns sx aouanbas pxoB 
ouxmp B^^ uxaaaqM x uixhx^^ JO quamBas :tax:cjHo aqx -3 

•aouanbas pxop 

ouxuiB axqnxos AxBuxjc^ds oxqoqdo:cpXq Buxa:mooo AxT^^nq^u-uou 
B Buxsxaduioo quauiBas xbzxjlvd uxaqojd uoxsnj y 'T 

-sx pamxHxo sx qeqn 

S8 
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'pxoH oxqaBdsH 'auxsAx 'auxuxBjB :spxoH 
ouxuiB JO suxBiio apxs pafianiio AxaAx:ixsod 
xo Ax9ax::ih63u 5uxwoxxoJ Jo Bux^sxsuoo 

dnoaB uio:cj pa::i03xas spxoB ouxuih 

BuxMoxxoj 50 om:i :isHax s^oex aouanbas 
pxoB ouxuiB aqti pu^ Buox spxoB ouxtUH 59 
:;noqB :^se3x sx aouanbas pxoe ouxuih ^saxg 
aqq uxaaaqM 'sousnbas pxoB ouxme ^saxg b -e 

:6uxsxjcduioo ati^finCuoo uxa:ioad xbtjlxiso v '^T 

•auxuoxqqsm puH u^qdoadAatj 'auxarjsAo 'pxo^ oxuiPtmxB 
'pxDie ox^j^dsE '9uxsAx 'auxuxBjce :spxoE ouxuib BuxmoxxoJ 
JO %g Ax3:iBuixxoadde UBqq aaoiu ou sasxaduioo tjuaiuBss :ioxj::chd 
Bx^:^ UTBXB^f^ 'Buox spxoe ouxuih 59 :;noqB :jsb3X q:;6uax b 
Bux ABq aouanbas pxoe ouxuih axcRXos AxBuxaeds 'oxqoqdoapAq 
'Buxaanooo Axx^-^^^^^^-^^ou h Buxsxadmoo tjuauiBas xbxjljlisd 
uxaqojd uoxsnj oxu3Bx:;ubuou Axx'BxquB^sqns v ' EX 

' IZ 'QI "Oas] e 'Bxj ux paaejcqsnxXT aouanbas 
aqa JO Buxtjsxsuoo oi uixhxo JO :juamBas aaxjEJHo aqj, -^x 

' [I *ai "Oas] X 'Bx^ ux pa^HJt^snxXT aouanbas 
aq:i jo Bux^sxsuoo oi uixhxo JO :iuauiBas jcaxjc^o aqj, -xx 

' (a^xs x^^T"^®^ ouxuiB aq:; auxuoxq^aui jo uox:^daoxa 
aq:i q^T'^) auxuoxq:jaui pun UBqdo:^dAa:; 'auxa:isAo :spxoH 
ouxme BuxMoxxo? }o suxBqo apxs paBanqoun jlo /pxoB 

DxiuE^nxB 'pxoH Dxr^jBdsH 'auxsAx 'auxuxBan :spxoB ouxuie 
JO suxBqo apxs paB:cBqo AxaAx^xsod xo AxaAx:^BBau Buxmoxx^J 
aq:i jo Buxqsxsuoo dno:cB aqq uioaj pa:ioaxas spxop ouxuiB 
BuxMOxxoj aq:i jo Ol^^^ qsnax s^dhx aouanbas pxoB ouxuib 
aqa uxaaaqM Buox spxoB ouxuib 59 ^noqp :jSBax tjB qt^fiuax b 
BuxAEq aouanbas pxoe ouxuib axqnxos AxBux:cBds 'oxqoqdoapAq 
'Buxajcnooo Axx^^n:iBU-uou b Buxsxaduoo riuauiBas :raxaaBO 
uxa^o:cd uoxsnj oxuaBx^uBUOu Axx^T^^^^sqns v "01 
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PTOB ouTuiB 03 paetij pxreSTi b pu« [i -qi -Qag] i -6x4 ux 
p3:iHa:isnTTx se souenbas pxoc ouxuib ub Buxsxjduioo 9:iB6nCuoo 



• iz -ai -oas] 

e -BTd ux pstica^snTTT sf souanbas pxoe ouxuie uv -32 

* [T -ai -Oas] 

T -Bxd ux psqBjqsniTx se aouanbas pxoe ouxuib uy tz 



uiTHT^ 05 6uxp:toooB aqeBnCuoo uxa^oad :taTaaPO b BuxsTxdmll 
'THUiTUB 3soq B oquT BuxtioaCux aoj ua6xquB uv -03 

•sax^TAT^OB Buxpuxq T^OTBoTOunmuix SBq pubBxt 
uxaaaq/* uixbto 30 a:|B6nCuoo uxa^o^td aax:taBo aqx -gx 

-ado^xda ub sx pubEx^ aqa 
uxaaaqM ^x uixbto jo a^BBnCuoo uxaqojd jax:cjBo aqj. -gx 

•uaqdBq b sx puBBxx 
uxaaaqw ^x uixbto jo a:»BBnCuoo uxa^oad aaxajBO aqi -^x 

•aoanos paAxjtap ATTB^uauiuoaxAua ao 'ox^oXjBona 
'ox:»oXaBooad b uioaj paAxaap apx^dad b sx pubBxi 
uxa:iaqM ST uixbto 30 a:»B6nfuoo uxa^ojtd aaxa^BO aqx -gx 

•aouanbas pxoB ouxuib puooas aqa 
JO X:iXAxaoB T^oxBoToxq sqxqxqxa uxat»o:rd uoxsnj aq:i uTaaaq« 
'aouanBas pxoB ouxuib sax^ob XxT^OTfioToxq b sx pubBxt sq^l 
uxaaaqM ^x uixbto 30 aqBBnCuoo uxa^oad aaxa:tBo aqx -gx 

' aouanbas 

pxoB OUXUIB qsaxj aq^ o:» pasnj puBfixT h -q g^- 

puB (a^xs TeuTutz93 
OUXUIB auxuoxqqaui 50 uox:»daoxa 

aqq q^xw) aufuoTq^aui puB UBqdoqd^j:^ 

LB 
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• (aqxs iBUTUUcaq outuib sq:^ auxuoxqqaui 
JO uoTiidsoxs aq:j M^T'*) auTuoTtit^aui pun ueqdot^dAa:; 'auxsr^sAo 
rspxop ouxiuB BuxMOtioj aq:i jo suxeqo apxs paBaBqoun 
xo .'pxoH DxuiHanxB 'pxoB ox^jBdsH 'auxsAx 'auxux6:cH :spxoH s 
ouxuiB JO suxBi^o spxs paBjCBqo AxaAx:^xsod xo AxaAxticBau 
BuxMOxxoj JO Bux^sxsuoo dnoaB aq:; uioaj pa^aaxas 

spxoB ouxuiB BuxMOXXOj jo om:^ asBax s^ohx aouanbas 

pxoB ouxuiB aqt^ uxa^aqM lZ uixhxo jo quBAnCpn aqx ' SZ 

*DXuaBx:;upuou Axx^T^^^^^qns sx aouanbas 
pxoB ouxuiH an:^ uxajtaqM lZ uixpx^ JO quBAnCpe aqx ' qz 

' aouanbas 

pxoH ouxme axqnxos AxBuxjceds 'oxqoqdoapAq 'Buxaanooo 
^TT^^^^^u-uou ^ Buxsxaduioo :iuBAnCpH aqa 'x^uij^^ :jsoq 
B o:; uafiounuiuix ue Buxaaasxuxuipn xoj r^uHAnCpB u\f -^3 

uixEXO JO JCO^oaA aqq q^T^ pauLiojsuHa:i TT®^ tisoq v " SZ 

' (at^xs x^^T^^^ 

OUXUIH aq^ tie auxuoxqaaui jo uoxtjdaoxa aqq q:iXM) auxuoxqqam 
pwe uBqdo:idA:c:i 'auxa:jsAo :spxoH ouxuih Buxwoxxoj 
JO suxeqo apxs paBapqoun ao /pxoB oxuie^nxB 'pxoe oxqjBdse 
'auxsAx 'auxuxBae :spxoE ouxuih jo suxeqo apxs paBaisqo ox 
Ax^Axqxsod xo AxaAxqeBau Buxmoxxoj aq:| jo Bux^sxsuoo dnoaB 
aqa uioaj paqoaxas spxoe ouxuie BuxmoxxoJ Jo om^ nseax :ih 
s^oBX aouanbas pxop ouxuie aqq uxaaaqM aouanbas pxoH ouxme 
axqnxos AxBuxaeds 'oxqoqdojcpAq 'Buxjanooo Axx^-3:n:ieu-uou e 
sx aouanbas pxoB ouxme aqq uxaaaqM 'pueBxx is pue aouanbas s 
pxoe ouxme aq:i Aq papooua uxaqoad uoxsnj Buxwaoj-ax^xtiaed 
e sassaadxa aoqoaA uoxssaadxa aqq uxaaaqM 'uaBxque ue jcoj 
aouanbas Buxpoo e q:ixM ameaj Buxpeaj axBuxs e ux aouanbas 
pxoe ouxme ue Buxsxadmoo JcoqoaA uoxssaadxa uv 'SZ 

•quamBas apxt^dad e jo x^uxm:ca:i-N aqq oa XTSuxmjta:^ 
XAxoqaeo aqq :;e pa^juxx sx aouanbas pxoe ouxme aqq uxaaaqM 
'£3 mxexo JO at^eBnCuoo uxaqoad xbjxxibd aqx '^Z 
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punoduioo 6uT:tH:csu36 ihuBts is go pssTadmoo ^usBeaj ao:iBOTpuT 
UB (q) pire 'anooo ssxaxduioo jo ApoqxquH/usBT^UE 

aoj siqcrj-cns suoTtjxpuoo aapun pun suixq b jcog sidiups 
rissq aq:^ h:^tm paaoH:)uoo st pun nusBesa aan:|dBO asBqd 
PTxos H oq p©qoBq:iH st aqnEnCuoo uxaqojcd asxajtpo h qs^ai 
qe (H) uxaaauM 'siduiBS qsaq h ut XpoqirquH uaBxquH-xquB ub 
JO uoxqBjquaouoQ aqq Buxuxmaaqap joj Abssb ub ui ^ lz 



*£E uixBxo JO ssaoo:rd aifq 
oq BuxpaoooB paonpoad suxaqoad aqq oq saxpoqxquv ' 9£ 

'siiao pajnqxno ojar^ uj qqxM aqBfinCuoo uxaqoad 
JtaxjcaBo aqq BuxqBqnoux jo ssaoojd ojqrA uj ub Aq uaBxquB 
aqq Buxquasaad Buxsxjdmoo ee uixbxo jo ssaoojcd aqx -ge 



'X^TOB qsoq B oqux uxaqoad 
uoxsnj aqq BuxqoaCux jo ssaoojcd oatti err ub Aq uaBxquB 
aqq Buxquasaad Buxsxadmoo zz uixbxo jo ssaooad aqx " 

•puBBxx oq ApoqxquB aqq Buxonpoad -o 

puB .'uaBxquB aqq Buxquasajtd -q 
•a^BBnCuoo uxaqoad 
aaxjJBD B uucoj oq puBBxx sqq oq aouanbas 
pxoB ouxuiB axqnxos AxBuxaBds 'oxqoqdojpXq 
'BuT^anooo Axx^^nqBu-uou b Buxsxadmoo 
quauiBas xbtjlxisd uxaqoad uoxsnj b Buxsnj -b 

:Buxsxadmoo 

PubBxx b oq XpoqxquB ub Buxonpoad aoj ssaooad y *€e 

' [Z 'ai 'Oas] € '&Td ux paqBjqsnxxT aouanbas 
aqq JO Buxqsxsuoo lz uixbxo jo quBAnCpB aqj. *zz 

• [T 'QI *Oas] I 'fix J ux paqBaqsnxxT aouanbas 
aqq JO Buxqsxsuoo lZ uixbxo jo quBAnCpB aqx 'le 

•Buox spxoB ouxuiB 59 qnoqB 
qsBax qB qqBuax ^ BuxABq lz uixbxo jo quBAnCpB aqj. "oe 
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sq:^ ^^T*^) 3UTUOTq:iaui pu^ uHqdoadAa:j 

'suTsqsAD ispxoTB ouxme Buxmoxioj aq:* SI 
go suxHqo apxs paBjeqoun jlo .'pxDH oxuiB:inx6 
'pxDB ox:iaHdse 'auxsAi '3Uxux6j:b tspxoB 
ouxiup 50 suxEqo apxs paBjcqo A^aAxaTSod xo 
AiaAx:iB6au Buxmohoj aq:^ 50 6ux:^sxsuoo dnoa6 

aq:; uioaj parioajas spxop ouxuiB Buxmoxioj 01 
aq:j jo OAiq r^spai s^ohx aouanbas pxoB 

ouxuiB aq:j uxaaaqM Buox spxop ouxuih 59 :inoqis 
:iSBax an qtlBuax ^ BuxAcq aouanbas pxoB ouxuiis 
axqnxos AxBuxa^ds 'oxqoqdoapAq 'Buxjc^nooo 

AxXHJtnaBU-uou H BuxuxH^uoo :iuamBas x^xjlxbo S 

uxaaojd uoxsnj oxuaBxauBUOU Axx^T^^^^qns 

H BuxsxadmoD uaBotmuiuix uie Buxa^daad 'is 

:Buxsx:cduioo 'uaBounmmx up q:ixM x^uixuH 
ar^BJcqatiaaA :nsoq e Bux^buxooba jcoj ssaooad v '6£ 

•a^^BfinCuoo uxa:io:cd x^xxx^eo aqa Jo :iuauodiuoo 
apx^dad aq:i Aq pauxjap sadotjxda q:^!'^ saxpoqx:iuB BuxAjx:iuapx 
Buxsxjiduioo jcaq:i:m} lZ uix^xo Jo Ahssb aqj. ' 2Z 

•:^ua6Ba:c aanqdBO aq^ se aseqd pxxos aq^ si 
aouanbas pxon ouxuib axqnxos AxBuxjBds oxqoqdoJtpAq Buxaanooo 
AxxHanaBU-uou b Buxsxaduioo quauiBas xBxxxeo uxa^o^d 
uoxsnj B BuxqoB^^B sasxaduioo tjuauiaAoadmx aqa uxaaaqM puB 
'axduiBS rxs^-^ aq:^ ux ApoqxauB a:iAxBUB-xquB aq:^ 50 aouasaad 
aq:i jo uoxtiBoxpux ub sx paqBaauaB x^uBxs aq^ uxaaaqM 'jcnooo oi 
o:i uoxi^oBaa b aoj :iuaxoxg3ns auixq xoj saxaxdiuoo aq:i q^T^ 
pa^OBt^uoo sx aoAxBUB aqq xoj aaquiaui Buxpuxq oxjxoads b puB 
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•xax<i^o^ a:;ie6nCuoo/ApoqT^UB 

puB .'xaxdmoo st^BBnCuoo/ApoqTt^u'B 
uiojj ApoqxtiuB 9q:i 6ut:;btoosstp -p SZ 

a:^B6nCuoo/ApoqT:^ue sqq ano Buxq^JBdas *3 
iX9X<5^o^ S4H6nCuoD/ApoqT:iUB 

o:^ XHTaa:^Hm Apcqxt^UB puxq suoxtixpuoD oz 
Buxpuxq Jispun aijeBnCuoo uxaaoad jlbxjljuso 
aq^ q:iXA x^T-^^^^'J^ Apcqxt^UB aq^ 6ux:^BqnDUX -q 

(a:ixs xBUxuuaa 

ouxuiH aq::; ::ib auxuoxq^aiu jo uox:idaoxa aqa 

q:iXM) auxuoxqqam pUB ueqdoadAa:! 'auxatjsAo si 
:spxoB ouxme BuxMoxxog aq:| jo suxBqo 
apxs paBjcBqoxm ao .'pxoB oxmB:;nx5 'pxoB 
ox^aBdsB 'auxsAx 'auxuxBjB :spxoe ouxuib jo 
suxBqo apxs pafijeqo AxaAx:iXsod xo AxaAX^Hfiau 

BuxMOXXoJ ?^ fiuxqsxsuoo dnoaB aq:) 01 

moxj pa:)Daxas spxDB ouxuie BuxmoxxoJ 

om:i :;sBax s^OBX aouanbas pxoB ouxmn aq:) 

uxaaaqM Buox spxoe ouxuib S9 '^rioqe asnax '^^ 

q:)6uax b BuxABq aouanbas pxoB ouxujb axqnxos 

AxBuT^^^s 'oxqoqdojcpAq 'Buxaanooo Axx^^nqBU s 
-uou B Buxuxb:)UOd :iuaui6as aaxajBO uxa:^ojd 
uoxsnj oxuaBxauBuou Axx^T^^^^sqns b Buxuuoj 'B 

: Buxsxjcduioo 'x^T^^^^'" Apoqx^uB jo x^o^^ 
B uiojg saxpoqxquB BuxAjxandoxmmmx jcoj seaoojcd v *X^ 

'XTSOiT^ a:^Baqa^:caA :)Soq aq^ 
a^BfinCuoo uxa:;o:cd aaxa;rEO aqa BuxaaasxuxuipB -q 
puB i aouanbas pxoB ouxuib aq:^ 0:5 pasnj puBfixx 
B puB [t -QI 'Oas] I *BTii paaB^asnxxT 

aouanbas pxoB ouxuib ub Buxuxbmoo a:^BBnCuoo S 
uxa:»oad jaxaaBO Bux;ranooo Axx^Jcn^Bu 
-uou B Buxsxaciuoo uaBounmmx ub Buxuaoj -b 
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ouxuiH BuxMOixoj ^^^:x Jo suxHtio spxs psBjEqoun xo .'pxop s 
oxuiH:inx6 'pxoe oxqaedsn 'auxsAx 'auTuxBa^ :spxoE ouxuib 30 
suxHiio apxe paBaBtfo Ax^M^TSod xo Ax3ax:^hBsu Buxmoxx^J 
JO Buxqsxsuoo dnoaB 9q:| moxj pa:^oax9S spxoH ouxiub sspnxoux 
a^xs aBBAHBXO aq^ uxaaaqM uixex^ JO ssaooad aqx 'S^ 

• (a:ixs 

XEUxuuaq ouxuiE aii:j auxuoxn:iam 30 uox:idaoxa aq:; ^^T^) 
:juauifias aaxajceo aqq ux punoj aou a:ixs afieAeaxo ^ suxe^uoo 
uxar^ojid uoxsnj aqti aaaqM e> uixexo 50 ssaooad aqj, •'^^ 

•sapx^dad paaxsap aq:j ^no fiuxijEaedas -q 

pu^ .'paAHaxo 
aaB uxa:40^d uoxsnj aq:i uo spuoq apxt^dad 

aaaqM suox:ixpuoo aapun ' (a:ixs x^^T^®^ ouxuib SI 
aq:^ :ie auxuoxq:;aui jo uox^daoxa aq:i q^T^) 
auxuoxq:iaui pue upqdo^dAi:^ 'axixa:^sAo :spxoB 
ouxuiH BuxMOXXog aq:; jo sux^qo apxs paBaieqoun 
xo -'pxois oxuie:inxB 'pxoe oxa^ndsis 'auxsAx 

'auxuxBae :spxoB ouxuig 30 suxnqo apxs OX 
paBaeqo AxaAXt^xsod xo AxaAx:jeBau Buxmoxxo? 
aqq 30 Bux^sxsuoo dnojB aq:^ 0100:3 pa:;oaxas 
spxDB ouxuiB BuxMOxxoj JO om:» tisnax 

S3[OHX aouanbas pxoe ouxuib aqa uxaaaqAV 
'aouanbas pxoB ouxuiB axqnxos AxBuxjeds S 
oxqoqdoapAq Buxaanooo Axx^-^^^^^-^o^ 
B Buxsxaduioo ^uamBas xBXxxiso uxaqoad uoxsng 
e BuxuxHtluoo uxa:iOJid uoxsnj e Buxt^eqnoux "b 

: Buxsxjcduioo 'sapx^dad fiuxonpojtd xoj ssaoojd v ' 



"uaBounmmx x^^xBxao aqq ux pauxequoo 
uox::;aod p sx a:iBBnCuoo uxa^oad aaxaaBO aq^ 30 pUBfixx 
aqq uxaaaq/A 'x^ uixex^ 50 ssaooad aq^ oa BuxpaoooB uaBoununux 
XBUxBxao aq:^ 30 aasqns b o:x oxjxoads saxpoqxr^uB Ajxand 
o:j a:iB6nCuoo uxat^oad aaxaaBo aq:» 30 asn aqj, 'ZV 
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'pTOB OT:»aBdsB 'auTsAx 'auTUTBac :spTOB 
ouTuiB JO suxeqo sp-rs pafiaeqo AtSAT^xsod 
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fiuxq-insaa Aoua-poxjja ux s^oiex ostb Axpa^odaa sxsatRuAs 
aqi -uox iHq.aia aaddoo aqq. jo st^oajja axiq. oq. paqxmxi 
aaojaaaqq. sx ssauinjasn am •aq^xaiio (ii)no b sx qisxiq 
punodmoo vJioa T^uoxqounjxq b apnioux ubo qua^Bd sxqq. jo 
sq.ua6B 6uxq.BTaqo am •squafie fiuxq-PT^qo qons saeoTosxp 
^•IB qa sa:cBaH oq quaq^d •S'Q 

•OAXA uT saqxs oxjxoads oq uox iBqavt paq^iaqo 
aqq. :toj smaqsAs AaaAXiap hlzoj oq saxnoaxouioxq oq pa^uji 
uaaq aAcq spunodmoo adAq YJiOQ * (vxoa) PT^^ oxqaoBBaqaq oz 
-mN 'iiN 'iN 'N-atreoapopoioAoBZBBaqaq-oi ' Z. ' ^ 'I 
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Other airtlcles which may be of som interest 
include: McMurry et al,, "Template and Stepwise 
Synthesis of a Macrobicyclic Catechoylaxoide Ferric Ion 
Sequestering Agent," J. Amer. Chem> Soc. 109: 3451-53 
5 (1987), Raymond et al., "Macrocyclic Catechol 

Containing Ligands," Pure & Appl> Chem. 60: 545-48 

(1988) , McMurry et al., "Macrobicyclic Ion (III) 
Sequestering Agents," J, Am> Chem> Soc> 109: 7196-98 
(1987), McMurry et al., "Molecular Recognition and 

10 Metal Ion Template Synthesis," Science 244: 938-43 

(1989) , Kiggin et al., "Functionalized Oligocyclic 
Large Cavities- A Novel Siderophore," Angew. Chem, Int, 
Ed. Engl. 23: 714-15 (1984), Kiggin et al., "Large 
Oligocyclic Cavities for Strong Cation Complexation, 

15 Tetrahedron 42: 1859-72 (1986), Sunetal., "New 

Multidentate Ligands. 28. Synthesis and £vad.uation of 
New Macrocyclic Ligands Containing Bidentate Endocyclic 
Catechol Donor Groups," Inora. Chem. 25: 4780-85 
(1985), Moi et al., "The Peptide Way to Macrocyclic 

20 Bifunctional Chelating Agents: Synthesis of 2-(p- 

Nitrobenzyl ) -1,4,7,10- Tetraazacyclododecane -N , N ' , 
N»», N«'« -Tetraacetic Acid and Study of Its Yttrium 
(III) Complex, " J. Am. Chem. Soc. 110:6266-67 (1988), 
and Cox et al . , "Synthesis of a Kinetically Stable 

25 yttrium-90 LaJ^elled Macrocycle Antibody Conjugate," J. 
Chem. Soc. . Chem. Commun., pp. 797-98 (1989). 

All patents and publications referred to 
herein are hereby incorporated by reference. 

The industry is lacking a macrocyclic chelate 

30 that can be efficiently produced in high yields, that 
can be linked to proteins, aiiA that has desirable 
chelating qualities for numerous metal ions wherein the 
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5 

formation kin tics thereof and reaction conditions 
required for metal complexation are favorable for use 
with monoclonal antibodies. 

SUMMARY OF THE INVENTION 
The invention is the ligand and its metal chelates 
having a general Formula of I and la, respectively: 



10 




wherein three of the R groups are -CH^COOH with the 
fourth R being kept as -H; 
n is an integer from 1 to 5; 
X equals -NO^ or -NH^; and 
20 and M is a metal ion being a member selected from the 
group of elements consisting of In, Bi, Pb, Cu, Ag, 
Au, Pt, and the Lemthanides . 

A preferred embodiment includes the situation 
where, in the ligand, X is either -NO^ or ~NH2' ^ 
25 is an integer from 1 to 2. 

Another preferred embodiment includes the 
situation where, in the chelate, X is either -NO^ or - 
NH^, and n is 1 to 2. 

An additional embodiment includes the 
30 situation where, in the chelate described in the 

paragraph directly above, M is a member selected from 
the group consisting of Bi, Pb, Y, Cu, Gd, Eu and Tb. 
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A further embodiment includes the situation 

where, in the chelate, n is 2, X is -NH*/ and M is a 

203 

member selected from the group consisting of Pb , 

5 An additional embodiment includes the chelate 

described in the paragraph directly above wherein M is 

212 

a member selected from the group consisting of Pb 
and Bi^". 

Another embodiment includes the situation 
10 where, in the chelate, n is 2, X is -NH^, and X is 
-NH^, and M is a member selected from the group 
consisting of Eu and Tb. 

The invention also includes ligand-hapten 
conjugates of the general Formula II and chelate-hapten 
15 conjugates of the general Formula Ila: 

yl 



20 




25 II II a- 

wherein three of the R groups are -CH2COOH with the 
fourth R group being kept as -H; 
n is an -integer from 1 to 5; 

X' equals -NH-Q where Q is selected from the group 
30 consisting of hormones, steroids, enzymes and proteins, 
a siibset of proteins being monoclonal antibodies, 
chimeric emtibodies, and fragments thereof; 
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30 



and M is a metal ion being a aember sel cted from the 
group consisting of Y, in, Bi, Pb, Cu, Ag, Au, Pt, and 
the Lemthzmides. 

A further embodiment includes the ligand- 
hapten conjugate wherein n is 2 and X' is-NH-Q. 

Another embodiment includes the ligand hapten- 
conjugate wherein Q is a protein, said protein being a 
monoclonal antibody, chimeric antibody, or fragments 
thereof. 

A further embodiment of this invention is a 
ligand-hapten conjugate, as is drawn in Formula ii 
(shown above) , wherein three groups are -CH,COOH, and 
the fourth is -H, n is an integer from l to 5, and X- 
is -NH-L-Q where Q is a hapten chosen from the group 
15 consisting of hormones, steroids, enzymes, proteins 
monoclonal antibodies, chimeric antibodies, or 
fragments thereof, and L is a covalent linking group. 

An additional embodiment of this invention is 
a chelate-hapten conjugate, as is drawn in Formula Iia 
(shown above) , wherein three groups are 
-CH^OOOH, and the fourth is -H, n is an integer from i 
to 5, X' is -NH-L-Q Where Q is a hapten selected from 
the group consisting of hormones, steroids, enzymes, 
pro-ms, monoclonal antibodies, chimeric antibodies 
or fragments thereof, m is a metal ion selected from' 
the group consisting of Bi, Pb, y, cu, Ag, Au, Pt and 
the lanthanides, and L is a covalent linking group. 

in either of the two embodiements directly 
above, L may be an organic radical or a substituted 
aliphatic hyrdocarbon chain, optionally interrupted by 
one or more hetero atoms selected from -0- or 



20 



25 
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or by one or more -NR»- groups (vhere R» is a 
hydrogen atom or a C^_^ alkyl group) ^ -CONR'- groups, - 
NR'CO- groups, cycloaliphatic groups, aromatic groups, 
or heteroaromatic groups, or a mixture thereof. 
5 The invention also includes methods for using 

these compounds for treatment of cellular disorders and 
for diagnostic tests. Thus, the above compounds may be 
used as therapeutic and diagnostic agents. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 Figure 1 illustrates the chemical pathway used 

to produce the preferred embodiment of the invention. 

DETAIIiED DESCRIPTI ON OF THE INVENTION 

Compounds of this invention include the 
substituted 1,4,^7,10 tetraazacyclododecane triacetic 

15 acid represented in the general Formula I shown €d30ve 
or specifically by compound 5 of Figure 1. The general 
formula is a 12 membered ring tetraaza macrocycle, with 
the nitrogens in the 1,4,7,10 positions. The acetic 
acid groups are attached to three of the nitrogens, and 

20 a hydrogen is attached to the remaining secondary 
nitrogen. This description encompasses all four 
possible structures or isomers contained in the 
mixture. Furthermore, each of the nitrogens is bridged 
by an ethylene group. 

25 The substituted triacetic acid ligands 

represented by Formula I complexes metals (Formula la) . 
Metal complexes sure formed by placing the ligemd into 
solution with an appropriate metal salt having the 
metal to be chelated. Metal salts have to be selected 

30 so as to prevent the hydrolysis of the metal. Also, 
reaction conditions in an aqueous medium have to be 
chosen such that the metal is not hydrolyzed. For 
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exaiaple, a lead nitrate, bismuth iodide complex, or 
yttrium acetate salts can be used to form a metal 
chelate with lead, bismuth, or yttrium, respectively. 
General examples of suitable salts include any soluble 
5 divalent metal complex or any trivalent metal complex 
that is not hydrolyzed at pH 4 to about 9. The most 
desirable metal ions for chelation with general Formula 
I are members from the group consisting of bismuth, 
lead, copper, yttrium, platinum, gold, silver, gallium, 

10 and any of the elements of the lanthanide series. The 
most desirable elements of the lanthanide series are 
(1) gadolinium, for use in NMR imaging and as a 
relaxation agent in NMR imaging, and (2) terbiim and 
(3) europium, because of their use as chromophores in 

15 time resolved fluorescence spectroscopy. These 

fluorescent compounds can be useful in an in vitro 
diagnostic assay. 

The aniline substituent of compoxuid 5 is 
desireible as a substituent that can be used to 

20 conjugate the compound to haptens. The aniline group 
can be linked to an oxidized carbohydrate on the 
protein as an imine, and the linkage cem subsequently 
be reduced to an amine by cyanoborohydride. 

The haptens suitable for linking with the 

25 compoiinds of general Formula I or la can vary widely. 
The most desirable haptens are members selected from 
the group consisting of hormones, steroids, enzymes, 
proteins, monoclonal or chimeric antibodies, and 
fragments thereof. These haptens are desirable because 

30 of their site specificity to tumors and/or various 
organs of the body. The preferred hapten for use in 
treating cellular disorders or various disease 
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conditions is a specific protein type^ a monoclonal 
antibody or chimeric antibody, or fragments thereof. 

In Formulas la and Ila, the compounds of this 
invention can have a value of n equal to an integer 
5 from 1 to 5. In a prefeanred embodiment, n equals 2. 
It is desirable for n to equal 2 versus 1 because the 
chelating ligand is separated form the protein more and 
possesses increased free rotation* The increased free 
rotation allows a metal to chelate with the 

10 macromolecule more easily. When n is 3 or greater, the 
synthesis of the compound becomes lengthy. 

Figure 1 Illustrates the preferred reaction 
pathway or process for forming the compound of this 
invention. The process first provides a cyclic 

15 triamide with a substituent on the ceurbon baclcbone 

framework of the molecule. The embodiment of Figure 1 
has n=l as the initial substituent for linkage. The 
process then provides a tetraaza macromolecule having 
the substituent in the 2 position as shown. AlJcylation 

20 with bromacetic acid forms the three nitrogen to carbon 
bonds of the three carboxymethylene substituents. 

The desired diactive ester 1 is formed 
sequentially from iminodiacetic acid. The amine is 
first blocked using the reagent BOC-ON or emy other 

25 suited^le blocking agent such as EHOC, in the presence 
of triethylamine which serves to deprotonate the 
steurting materiel.. The subsequent nitrogen blocked 
diacetic acid or other such nitrogen blocked compound 
is then coupled to N-hydroxysuccinimide, or any of the 

30 suitcible compounds such as phenols, or N- 

hydroxydicarboximides which form a reactive ester. The 
choice of compounds which form active esters or 
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blocking groups in within the scope of the art. The 
coupling is done by a carbodiimide. This step produces 
the nitrogen blocked active ester. 

Ring formation under high dilution conditions 
5 between amino acid amides (compounds la) with the 
nitrogen blocked active ester (compound 1) is then 
performed. This step forms the triamide macrocycle 
(compound 2) . The amine nitrogen of compound 2 is 
deblocked with hydrochloric acid ir. dioxane. This 

10 forms the HCl salt of the triamide macrocycle. The 
salt is then reduced with borane/tetrahydrofuran. The 
resulting boreme adduct is cleaved by hydrochloric acid 
to fom the substituted tetraaza macrocycle (compound 
3) . This macrocycle can then be alkylated with three 

15 equivalents of haloacetic acid in the presence of base 
to form a nitrobenzyl tetraaza macrocycle triacetate 
(compound 4) . The nitro group of compound 4 c£m be 
reduced with hydrogen over a palladium on carbon 
catalyst to produce the aniline or the aminobenzyl 

20 structure depicted as compound 5. 

The chelating agent formed by the tri- 
angulation of the cyclen described in the process of 
Figure 1 is novel and separate from those previously 
described in that, when reacted with trivalent metal 

25 ions, an electrically neutral (zero charged) metal 

chelate is formed. The advantages of such zero charged 
chelates in medical applications is well understood and 
has been recently described, for example, by Tweedle, 
et. al. (E.P.A. 0 292 698), and includes reduced 

30 osmolality of the complex and increased lipophilicity, 
hence solubility in lipid tissues. This, in turn, 
confers an increased ability of the metal complexes to 
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cl ar from the interior f cells. This last f ature is 
of importcoice since often monoclonal antibodies are 
catedDolized into normal liver cell interiors, and for 
diagnostic imaging in the abdomen, such clearemce from 
5 normal liver cells is to be desired. 

A psorticular advantage of the tri**allcylated 
ligands of Formula I lies in their ability to rapidly 
form metal chelates at aqueous solution pH values 4-7. 
The more complex DOTA macrocycles, in which the 

10 hydrogen that is attached to the secondary nitrogen of 
Formula I is replaced by a carboxymethylene group, are 
harder to label with metals since they react 
exceedingly slow with trivalent metals such as indium 
or yttritam at these pH values, thus, if a radiometal is 

15 used, providing an undesirsJsle long term radiation does 
during metal chelate formation to any hapten to which 
the ligsmd is conjugated. The pH region 4-7 is 
especially desirable for formation of trivalent metal 
ion chelate conjugated monoclonal antibodies in that 

20 the antibody is stable therein, and the metal ions are 
less susceptible to hydrolysis as occurs at higher pH 
values, thus markedly simplifying the radiometal 
labeling of ligand conjugated antibodies or fragments 
as compared to such procedures for hapten conjugated 

25 DOTA ligands. 

In its preferred embodiment, the coupling of 
compotmd 5 to antibodies is through imine formation 
with oxidized carbohydrate on protein followed by in 
situ reduction to the amine. An advemtage of this 

30 methodology is that when coupling to proteins and, in 
particular, when coupling to antibodies, the 
carbohydrate of the antibody can be oxidized prior to 



wo 91/14458 



PCr/US91/01637 



13 

the coupling reaction. The aniline reacts with the 
aldehyde that is formed on the protein. The imine that 
is formed can be reduced by cyanoborohydride to form a 
covalent amine linkage to the antibody that is site 
5 specific. This position is distant from the antigen 
binding sites of the monoclonal antibody and thus 
minimizes any deleterious effects of the protein 
modification • 

An embodiment of the invention involves a 

10 ligand-hapten conjugate of general Fomula II. 

This conjugate complexes metal ions. For complexation, 
especially of radioactive metals, it is desirable to 
expose metal ions to the protein conjugate in a 
concentrated metal solution for a short a period of 

15 time as possible. Certain metals, such as divalent 
metal ions, react rapidly and directly with the 
conjugate. The kinetics of the formation reactions for 
these compounds are so rapid that it is desirable to 
have the ligand-hapten conjugate available in the 

20 pharmacy immediately prior to use. The conjugate can 
then be mixed in the radionuclide to foiia the complex 
and, subsequently, the metal chelate conjugate formed 
can be purified, for example, by size exclusion high 
pressure liquid chromatography. A desirable hapten for 

25 the ligand conjugate can be selected from the group 
consisting of hormones, steroids, enzymes, and 
proteins. 

The most commercially useful embodiments of 
the invention are metal chelate-hapten conjugates 
30 having the general Formula Ila where: (1) n is an 
integer from 1 to 5, (2) x is -NH-Q- with Q being a 
hapten selected from the group consisting of hormones. 
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Steroids, pr t ins, monoclonal antibodies, chimeric 
antibodies, and fragments thereof, and (3} M is a metal 
ion being selected from the group of elements 
consisting of Bi, Pb, Cu, Ag, Au, Y, Pt, and the 
5 lemthanides. These chelate conjugates can deliver 

212 212 90 

radioactive metal ions such as Pb , Bi , Y , and 
Cu to treat specific cellular disorders. a 
further embodiment of this invention is a ligand-hapten 
conjugate, as is drawn in Formula II (shown above) , 

10 wherein three groups are -CH^COOH, and the foxirth is - 
H, n is an integer from 1 to 5, and X' is -NH-^L-Q where 
Q is a hapten chosen from the group consisting of 
hormones, steroids, enzymes, proteins, monoclonal 
antibodies, cdiimeric antibodies, or fragments there and 

15 L is a covalent linking group. 

An additional ^oobodiment of this invention is 
a chelate-hapten conjugate as is drawn in Formula Ila 
(shown above) wherein three groups are -CH2COOH, cuid 
the fourth is -H, n is an integer from 1 to 5, X' is - 

20 NH-L-Q where Q is a hapten selected from the group 
consisting of hormones, steroids, enzymes, proteins, 
monoclonal antibodies, chimeric antibodies, or 
fragments thereof, M is a metal ion selected from the 
group consisting of Bi, Pb, Y, Cu, Ag, Au, Pt and the 

25 lemthemi^ies, and L is a covalent linking group. 

In either of the two embodiments directly 
above, L may be an orgemic radical or a substituted 
aliphatic hyrdocarbon chain, optionally interrupted by 
one or more hetero atoms selected from -0^ or 

30 or by one or more -NR»- groups (where R' is a 

hydrogen atom or a C^_^ alkyl group), -CONR'- groups, - 
NR"CO- groups, cycloaliphatic groups, aromatic groups. 
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or heteroaromatic groups, r a mixture thereof. 

The Invention includes a process for treating 
cellular disorders. The process uses the chelate 
conjugate with a hapten having a selective binding site 
5 at the cellular disorder. For excuaple, Q can be a 

monoclonal antibody wherein the smtibody is created and 
directed against an epitope found specifically on the 

OA 

tumor cells. Thus, when Y 

is transported to the antigen site and decays, a beta 

10 irradiation is produced. If desired, Bi^^^ can be 

introduced in those cases where the disorder to be 

treated, such as with leukemic cells, Ccin be reached 

within the 1 hour half -life of the isotope. Most 

desire^ly, at least 95 percent of the radionuclide 

15 remains in the chelate. In an acidic medium, such as 

the stomach, at least about 70 percent is retained. 

The invention also includes a process for 

diagnostic testing. This process uses a chelate 

conjugate having general Formula Ila wherein M is 

20 selected from the group consisting of Pb^^^, In^^^, 
67 68 

6a , Ga . The usefulness of metal ions for both in 
vjl^yo and In vivo diagnostic procedures is disclosed in 
U.S. Patent 4,454,106. 

The most desirable embodiment of this 

25 diagnostic process uses Pb^^"^. Pb^^^ has a 52.1 hour 
half-life as a gamma emitter. Pb^^"^ has a unic[ue 
property in that it decays in a high percentage by 
single photon emission. This gamma emission is 
preferred and dominant over all other emissions. This 

30 single photon emission makes Pb^^'^ useful for single 
photon emission computed tomography (SPECT) which is a 
diagnostic tool. Thus, when Pb^°^ is linked by use of 
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a chelate to a hapten, which specifically localizes in 

a tumor, then that paurbiculsur localization can be 

diinensionally mapped for diagnostic puirposes in vivo by 

SPECT. Alternatively, the emission can be used Iq 

5 vitro in radioiinmunoassay. 

The present invention can be illustrated by 

the use of the following non-limiting examples. 

EXAMPLE 1 

Synthesis of p-Nitrobenzvl 1,4,7,10 
10 tetraazacvclododecane triacetic acids 

The cyclen (compound 3 of Figure 1) was 

alkylated at A5*C with three sequential additions of 1 

eguival^t of bromoacetic acid in the presence of 5 H 

sodium hydroxide. The base was added via an 

15 autoburette, and the pH of the reaction solution was 

maintained at 8.5. The reaction was allowed to stir at 
45 "C overnight after the final addition. The following 
day the solution was acidified to pH 2.0 with 3 N HCl, 
The solution was loaded onto a 2.6 x 30 cm AG50wX8 

20 200/400 mesh H+ form ion excheoxge column and washed 
with water until the eluant was neutral. The crude 
product was eluted form the column with one liter of 2 
M NH^OH. The solution was rotary evaporated to a 
solid. The solid was taken up in water (25 mL total 

25 with rinsing ) and loaded onto a 1.6 x 20 cm AGlwXS 
200/400 mesh HOAc form ion exchemge column. The 
product was eluted with a two liter gradient of 0.0 to 
0.3 M HOAc. The relevant fractions were combined, 
concentrated to 25 mL, and then freeze dried to give a 

30 fluffy white solid product. 
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Labeling of Antibody With Metal Chelati^ 

The procedures and reagents described above 
for the preferred embodiment of making the compounds 
are used for this exao^le. 

The monoclonal antibody B72.3 binds 
specifically to a glycoprotein on LS-174T cells. This 
glycoprotein is also present in humans who have colon 
cemcer. This antibody is labeled with the ligand of 
compound 5 of Figure 1 as follows: 

One mL of B72.3 (10 mg/mL) was cooled in an 
ice bath and combined with 20 /iL of 2.5 M sodivun 
acetate (pH 6). Sodium periodate (NalO^, 3.5-4.7 mg, 
Aldrich) was added, giving a NalO* concentration of 
16.22 mM. After the solid was dissolved, the clear 
solution was left on ice in the refrigerator for 1 1/2 
hrs. The solution was then passed through a 2 x 10 cm 
Sephadex G-50 column, eluted with acetate-bixffered 
saline (pH 6) . Ten fractions (1 mL each) were 
collected, and the concentration of B72.3 in each 
fraction was determined by UV absorption at 220 nm. 
The fractions containing oxidized B72.3 (6.7-9.0 mg in 
2.2 mL) were collected and reacted with excess compound 
5 at a molar ratio of 1:50-60. The mixture was mixed, 
allowed to stand at room temperature for one hr, and 
finally left in the refrigerator overnight. The next 
day, sodium cyanoborohydride (Aldrich, 20-25 ML of 1 M 
solution) was added to the chelate-conjugated B72.3 to 
reduce the Schiff base to the saturated amine. This 
mixture was allowed to stand at room temperature for 4- 
5 hr. 
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Bef re labeling with metal, th pr tein is 
dialyzed against a solution cos^rising 0,02 M N- 
morpholinoethanesulfonic acid and 0.01 M NaCl at pH 
5.9. 

5 The protein in solution is labeled with by 

reaction with an acetate solution of the isotope 
followed by passage through a TSK 3000 size exclusion 
column. This is a high pressure liquid chromatography 
technique. The compound is mixed with an excipient and 

10 is used in a model system in athymic mice which have 
been implanted with IiS-174T cells to develop a tumor in 
the flank of the zuiimal. The antibody localizes 
specifically to these tumor cells to deliver its 
radiation. 

15 EXAMPLE 3 

In Vivo Use of the Labeled Protein Conjugate 

Hhe protein conjugate in solution in labeled 
with indium or gadolinium, and the chelate conjugate is 
injected or introduced into body fluids of a mammal « 

20 The antibody then localizes delivering the indium or 
gadolinium to the tumor site, and conventional geunma 
camera or magnetic resonance imaging techniques are 
employed to respectively visualize the malignemcy. 
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wherein three of the R groups are -CH^COOH with the 
fourth R group being -H; 

wherein n is an integer from 1 to 5; and 
X is either -NO^ or -NH^. 

2. The ligand of claim 1 wherein n is 1 to 2 
ana X is either -NO^ or -NH2. 

3. A chelate comprising a general Formula 

la: 




wherein three of the R groups are -CH2COOH with the 
fourth R group being -H; 
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wherein n is an integer from 1 to 5; and 
X is either -NO2 or -NH2': 

and M is a metal ion being a member selected from the 
group of elements consisting of Bi^ Pb^ Y, Cu, Au, Ag^ 
Pt, Ga, In, and the Lanthsmides. 

4. The chelate of claim 3 wherein n is 1 to 
2 and X is either -NO^ or 

5. The chelate of claim 4 wherein M is a 
member selected from the group consisting of Bi, Pb, Y, 
Cu, Gd, Eu, and Tb. 

6. The chelate of claim 3 wherein n is 2, X 
is -NH^f and M is a member selected from the group 
consisting of Pb^°^, Pb^", Bi^", Y^°, and Cu^"^. 

7. The chelate of claim 6, wherein M is a 

212 

member selected from the group consisting of Pb and 

8» The chelate of claim 4, wherein n is 2, X 
is -NH^ and M is a member selected from the group 
consisting of Eu and Tb. 

9. A ligand-hapten conjugate comprising: 
a general Formula II: 




IZ 
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wherein three R groups are -CH^COOH and the fourth R 
group is -H; 

n is an integer from 1 to 5? and 

X» consists of ^NH-Q with Q being a hapten selected 
from the group of hormones, steroids, enzymes, 
proteins, monoclonal antibodies, chimeric antibodies, 
or fragments thereof. 

10- The ligand-hapten conjugate of claim 9 
wherein n is 2 and X' is -NH^Q. 

11. The ligand-hapten conjugate of claim 9 
wherein Q is a protein, said protein being a monoclonal 
antibody, chimeric antibody, or fragments thereof. 

12. A chelate-hapten conjugate comprising: a 
general Formula Ila: 




It a- 

wherein three R groups are -CH^COOH and the fourth is - 
H; 

n is an integer from 1 to 5; eind 

X' is -NH-Q with Q being a hapten selected from the 
group consisting of hormones, steroids, enzymes, 
proteins, monoclonal antibodies, chimeric antibodies, 
or fragments thereof; and 
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M is a metal Ion being a member selected from the group 
of elements consisting of Bi, Pb^ Y, Cu^ Ag, Au^ Pt, 
and the lanthanides. 

13. The ligand-hapten conjugate of claim 9, 
where X' is -NH-L-<i herein L is a covalent linking 
group. 

14. The covalent linking group, L, of claim 
13 herein L is em organic radical or a substituted 
aliphatic hydrocarbon chain. 

15. The substituted hydrocarbon chain of 
claim 14 where said chain may be interrupted by one or 
more hetero atoms selected from the group consisting of 
*0- or ~S-, or by one or more -NR" groups, where R» is 
a hydrogen atom or a C^_^ alkyl group, -CONR» groups, - 
NR'CO- groups, cycloaliphatic groups, aromatic groups 
or heteroaromatic groups, or a mixttire thereof. 

16. The chelate-hapten conjugate of claim 12 
wherein X" is -NH-L-Q wherein L is a covalent linking 
group. 

17. The covalent linking group L of claim 15 
wherein L is an organic radical or a substituted 
aliphatic hydrocarbon chain. 

18. The substituted hydrocarbon chain of 
claim 17 wherein said chain may be interrupted by one 
or more hetero atoms selected from the group consisting 
of -0- or -S-, or by one or more -NR" groups, where R* 
is a hydrogen atom or a C^^^^ alkyl group, -CONR» 
groups, -NR'CO- groups, cycloaliphatic groups, aromatic 
groups or heteroaromatic groups, or a mixture thereof. 

19. The method of using the chelate-hapten 
conjugate of claim 12 where said conjugate is 
administered to the patient as a diagnostic or 
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therapeutic agent. 

20. The method of using the chelate-hapten 
conjugate of claim 15 wherein said conjugate is 
administered to the patient as a diagnostic or 
therapeutic agent. 
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T latpr (lorumpnt purthshfd allcr •n|i»rnii on.ii u\u%n it iic 
or Drmni/ aji*' ana »»oi in conihrt Atlh t".- annltcatutn in.t 
CMrd I.} unuL'rsi.-ina ir*- princioU* tii tn,»n»» uiMifilrimi li-.» 
ttwvniiun 

"X" oocurni>ni ot parliCuMr r4>le»anc<-: lt»*» iUMinnj itt«.Mtiion 
C3nnol l»« conMai*ri*n novfi or i .mnoi t unsiuert-ii to 
involve .in mvMniiv** stt'ii 

**Y- uorumrnt ol iMiliCuLu i«-lf».in« i* l ut-.u-.t >MkfMt..tii 
cantuit hi* consiiicfHU lo tfi*ol«i* .»« Mw«>rii<..> M,.p ai»»*ii 
tiocuitH*n| is LiHtiiiinftl *»ii» c»ni» III ritnff t>iii.-i socn (tocii. 
•»».'itts. iuch cuiituitiaiion uvtiuj fiti..tMis ! i .% iM-ison sk.ii.>'t 
•M II r an 

' A"* U0f.unH*nt niftiuifr of t»'i* samir |. itt-M! • i— 



IV. CERTIFICATION 



Date of the Actual ComtiMion ol the lnl«*rnjhoriAl S-arci» 

21 June 1991 



Iniernjttonat So-wcIhiui Aurtiuiitf 

iSA/ns 



0.lli* ol Mailitiq ot IIms liitrriMt»oit.ll Sf.tlv'li K.'p«itt 

18 JUL I99f 



FomHCLSJtJiOpw** 
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V □ OBSERVATIONS WHERE CERTAIN CLAIMS WERE FOUND UNSEARChZ^ZT 



..□ c.^ „„„^„ . „ „ ^^^^^^^ ^ ^ ^^^^ ^ ^^^^^^^^ ^^J^ 



3 Q Claim numters 



PCT Rule6.*ral ^ ''"^^^^^-^^^^P^'W <^noi drafted wac^ me second aro rvrd sentences oi 



VI B OBSERVATtONS WHERE UNITY OF INVENTION IS LACKINO 

Th.. lnicrn.i.onat Search.„g Aulhor..y lound mulupte .n««.on« « this inlerna.an.l .pp*.cat.on a, loHo*s: 

See attachment sheet. 



' oMu^^Ternl'^^^^^^ ronoM ....s ... s, .cv.UI. c,..„,s 

^ □ AS unly som.. ot Ihn rrnuif,^ .vltl.i.o 



MMLOnn. .,p,«,c..i,o.i luf ^...f i. |....s soccticill/ cr.i.»is- 



rovt'ft only 



f -li t onip.tiM.-«i u, .».•.«-„ .inrs protrsl. 



PiUh M ..rco.n^...«M llH. pa..,..^., 01 aUU.lH.iMl :mmkIi lev*. 



"«:i.WlO<t«p««j,»^Cl(ft«.1ia/) 



PCr/US91/01637 
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YI. OBSEgVATI(»tS WHEKE UHTTy 
OF mVEHTIOH IS LACKING - page 1 



53. a^rS^^suSSeHs/^^^^^^^^^ ^^^^^^^ ^ 

in cd27s lis ll^Tr 'kT '° ^isand-hapten conjugates, classified 

in Classes A35. 530 or 540. subclasses 188. 388+ or 474 respectively 

^^rx^^^^^E^^^ ^^^^^ ' 



0 
0 



63 
63 



63 (0 IBJOI 

63 8Sfrfr|.|.600OM 



saidoo passjiAi peiuud seBed luauinooQ 
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